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Abstract p.i 
ABSTRACT 
The seasonality of growth, biomass production, reproduction, density and population 
structure of Sargassum siliquastrum in Lung Lok Shui, Tung Ping Chau were 
examined from Sep-98 to Jun-00. Two populations at different depths, one in 
shallow water region of - 1 to - 3 m CD. and one in deep water region o f - 5 to -10 m 
CD., were compared. Deep water populations of Sargassum siliquastrum attained 
their mean maximum size (103.23 土 57.53 cm in Jan-99; 80.27 土 45.00 cm in Jan-00; 
haphazard samples), mean maximum growth (1.29 cm / day from Nov to Dec-98; 0.9 
cm / day from Dec-99 to Jan-00; haphazard samples) and peak mean biomass (11.86 
土 0.32 g / individuals in Nov-99; quadrat samples) in late fall to winter months when 
temperature dropped below 20°C. Temperature and photoperiod were found to 
affect the length and growth of this species. The frequent storms in year 1999 may be 
the cause of a lower peak of mean length in the deep water population in Jan-00 than 
that in the previous year. Timing of recruitment can be shown through the sudden 
increase in density and the presence of the smallest size class individuals (0.1 - 2 cm) 
in the spring (Apr-99 & Mar-00). Linear regression showed a significant relationship 
between log length and density but the relationship was not consistent for all months. 
Changes in the relationship over time may be a result of combined effect of 
biological and physical factors. 
The cost of reproduction in S. siliquastrum was assessed by comparing the 
reproductive effort (RE) (ratio of reproductive biomass / total biomass) of control 
and treatment individuals. Treatments were carried out by cutting the individuals to 
their holdfast and at 15 cm above holdfast. Survival, growth and final RE were 
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compared between initially reproductive and non-reproductive individuals. Results 
from this study did not indicate the presence of a cost of reproduction in Sargassum 
siliquastrum. The influence of external factors may be more important in affecting 
the survival, growth and reproduction of this species. However, there was a 
minimum size requirement before the individuals would become reproductive. The 
better survival and growth in some reproductive plants may be related to their size, 
where more resources are available for larger plants to cope with the physiological 








(隨機樣本99年1月:103.23 ± 57.53厘米;00年1月：80.27 ± 45厘米）’最高 
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CHAPTER ONE 
GENERAL INTRODUCTION 
Resource Allocation and Life History 
Life History of an organism generally describes the lifetime pattern of its growth and 
reproduction. As there are large variations in life history patterns found among 
different species, the question arises: How did these different patterns evolve? 
Studying life histories is a key to explaining the diversity of living organisms and the 
complexities of their life cycles. Stearns (1976) reviewed the earliest ideas on the 
evolution of life histories. He traced back the main ideas of life-history theory to 
1954 in which there were four areas of concern: determination of whether an 
organism should reproduce once or many times, clutch size, age at first reproduction, 
size of young and the evolution of reproductive tactics. The idea of "trade-off 
originated from Cody in 1966 (Cody 1966) who proposed that organisms have a 
limited amount of energy that has to be allocated to reproduction, competition and 
avoidance of predation. Trade-offs among these three aspects are necessary. 
Although there is no valid evidence on the dependence of energy allocation on the 
ability to compete or avoid predators, trade-offs linking resource allocations to life 
history traits were often suggested, leading to the development of different life-
history models (Stearns 1976). Ecologists have since reviewed and commented on 
different theoretical approaches on life history evolution (Partridge & Harvey 1988, 
Stearns 1989，Boggs 1992，Sibly 1996). 
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Antonovics (1980)，generalizing the idea of resource allocation, pointed out that "the 
primary interest of evolutionary biologists in allocation of resources stems from the 
fact that an imagined ideal way to maximize such contribution to future generations 
is to produce an infinite number of offspring, infinitely early in life, and have an 
infinite life span - a goal that is in reality unattainable precisely because resources 
are limited". Therefore, the pattern of allocation indicates how an organism 
maintains its balance between growth, reproduction and survival, which are the basic 
components of its life history. Individuals could try to adapt to their environment by 
evolving different strategies in their life histories so as to maximize their fitness 
within their lifetime. When considering the fitness of an organism, reproduction is 
the crucial event to determine one's fitness. Bell (1980) defined fitness as the rate of 
increase of populations through occurrence of reproductive events and the 
subsequent recruitment during a lifetime. It depends not only on the total quantity of 
reproduction, but also on the distribution of this reproduction throughout the life 
history. Though individuals have their common aim to maximize their reproductive 
success, different modes of reproduction are found. MacArthur and Wilson (1967) 
classified organisms into r-selected and k-selected species. As summarized by 
Pianka (1970) and modified by Steams (1976), r-selected species generally live in 
variable or unpredictable environment where the availability of resources is unstable 
or exists only for just a short period. These species are characterized by short life 
span, rapid development, early reproduction, semelparity, and small size of offspring. 
K-selected species live in constant or predictable environment where the availability 
of resources is more stable. These species are characterized by longer life span, slow 
development, delayed reproduction, iteroparity and large size of offspring. 
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In order to understand the factors that influence evolution of different reproductive 
tactics, reproductive effort was considered. Reproductive effort is defined as an 
organism's investment in any current act of reproduction (Pianka, 2000). In other 
words, it is the proportion of available resources which is committed to reproduction 
rather than to maintenance of growth (Bell 1980). However, controversy and 
arguments have long appeared concerning the measurement of reproductive effort, 
especially in plants (Harper & Ogden 1970，Abrahamson & Gadgil 1973，Bell 1980， 
Thompson & Stewart 1981，Abrahamson & Caswell 1982，Bazzaz & Reekie 1985， 
Goldman & Willson 1986，Reekie & Bazzaz 1987a, 1987b, 1987c, Chapin III 1989). 
As the measurement of reproductive effort is technically difficult and laborious, and 
the results are meaningless unless they can be related to effects on fitness, Bell (1980) 
proposed that the transformation of reproductive effort: cost of reproduction should 
be measured instead. Bazzaz and Reekie (1985) classified the costs in plants as 
direct costs and indirect costs. The former is the amounts of carbon and other 
resources invested in reproductive structure, and the later is the consequences of this 
allocation. For indirect costs, two major categories are the survival costs and 
fecundity costs. Survival costs consider how the current reproductive effort 
influences an individual's probability for future survival, while the fecundity costs 
consider how the current reproductive effort influences an individual's capacity to 
reproduce in the future (Reznick 1992). Though different methods had been applied 
to measure the cost of reproduction, however, arguments still exist on identifying the 
structures and activities which should be counted as part of reproduction, the relevant 
currency to be used in measuring the costs of reproduction, the conflict on the use of 
phenotypic or experimental manipulations against genetic or selection experiments 
for the measurement (Bazzaz & Reekie 1985, Reznick 1985，Reznick 1992, Jonsson 
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& Tuomi 1994) and even the validity of using cost of reproduction to explain life-
history models (Bailey 1992). 
Cost of Reproduction in Plants 
The cost of reproduction in land plants had been intensively studied in the past. In 
addition to the investigation or comparison of the biomass allocation or the carbon 
and nitrogen content of reproductive vs. vegetative plant parts, experimental 
manipulations, including hand pollination, removal of part of or whole reproductive 
plant structures (e.g. stigma of flowers, whole flowers or fruits, whole inflorescence, 
stalks bearing flower or inflorescence) or vegetative parts (e.g. leaf or bud), had been 
carried out (Horvitz & Schemske 1988，Snow & Whigham 1989，Primack & Hall 
1990, Fox & Stevens 1991，Jennersten 1991，Newell 1991, Agren & Willson 1994， 
Jackson & Dewald 1994，Delph & Meagher 1995，Fox 1995，Lehtila & SyrjSnen 
1995，Thoren et al. 1996, Nicotra 1999，Ehrlen & Groenendael 2001). Some of the 
studies did show that there was a cost of reproduction which affected future growth 
or reproduction (Snow & Whigham 1989，Primack & Hall 1990，Fox & Stevens 
1991, Newell 1991, Jackson & Dewald 1994, Thoren et al 1996), while the others 
did not show a clear result to confirm the existence of a cost. Some other factors, like 
sexual dimorphism, may affect the results of the study. Delph and Meagher (1995) 
compared the trade-off of female and male plants of Silene latifola. Pollinated 
females were found to have more leaf biomass and invest nearly twice as much in 
reproduction as males, in spite of an apparent trade-off between leaf production and 
reproduction within both females and males. 
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Life Histories and Cost of Reproduction in Algae 
Compared to the numerous studies in land plants, the question on the cost of 
reproduction in algae is seldom addressed. Algal life histories are known to be more 
complex than land plants, which are basically classified as monophasic, diphasic and 
triphasic. Patterns of life histories of Rhodophyta (West & Hommersand 1981， 
Murray & Dixon 1992), Phaeophyta (Wynne & Loiseaux 1976，Pedersen 1981) and 
Chlorophyta (Tanner 1981) have been described in details. The evolution and 
adaptive significance of life histories of the red and brown algae have also been 
reviewed by Searles (1980) and Clayton (1988) respectively. Studies showed that 
variations in life histories are adaptations in response to variations in the 
environmental conditions such as photoperiods，temperature, wave action or 
herbivory (Lubchenco & Cubit 1980, Luning 1980a，1980b, Slocum 1980, Dring 
1984, Clayton 1988，Reed et al 1996，Koehl 1999). 
Unlike land plants which have very distinct ancillary reproductive structures making 
manipulative experiments such as removal of reproductive parts or hand pollination 
applicable, there are more difficulties in studying the cost of reproduction in algae. 
Algae have more complex life histories with different phases, some of which are 
microscopic. Many species have their reproductive structures embedded in the 
vegetative thalli. Though it is possible to study the link between growth and 
reproduction by phenological observations, manipulative experiments of certain 
species are unlikely to be carried out. Besides, as DeWreede & Klinger (1988) 
mentioned, whether there is a "cost" of reproduction in algae seems to be more 
doubtful as the whole plant including reproductive structures, for example, 
receptacles in fucoids, are photosynthetic. The cost may be compensated in a certain 
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extent making the results more obscure. Some studies did support the existence of 
costs of reproduction (Norton 1977，McCourt 1985, DeWreede & Klinger 1988 and 
its cited references, Back et al. 1991，Camus 1992，Brenchley et al 1996，Reed et al 
1996，Rico & Fernandez 1997，Guimaraes et al 1999) while others did not or could 
not indicate clearly on this issue (DeWreede & Klinger 1988 and its cited references, 
Ang 1992, Pfister 1992，人berg 1996). 
Among the three groups of macroscopic algae, the studies on the cost of reproduction 
have been focused more on the brown, such as kelps and fucoids, as they are 
generally larger in size, allowing easier field observations and manipulations. 
Especially for fucoids, which have a simple life history with only one macroscopic 
phase (Chapman 1995)，their distinctive reproductive structures (receptacles) and 
relatively large eggs, make them a good choice for demographic study. Clayton 
(1988) commented that the life history of fucoids lacking a free-living gametophyte 
offers an interesting parallel with that of higher plants which invaded the land. The 
studies on this group of algae may be comparable to those on the higher plants. 
Sargassum is a large group within the Order Fucales. It is an abundant genus 
worldwide and also in Hong Kong. 
Importance o>/Sargassum Communities 
Sargassum (Sargassaceae，Fucales) is a very common and large seaweed genus in the 
world with important economic and ecological values. Its numerous members are 
distributed widely throughout the world's tropical and temperate oceans. They are 
known to be used as a source of alginic acid (Chapman & Chapman 1980)，animal 
feeds (Chapman & Chapman 1980，Hashim & Mat-Saat 1992，Zhao & Xu 1990，Ma 
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2002), food in the Philippines (Ang 1985a), metal biosorbent (Volesky 1994，Leusch 
et al. 1995, Lau 2000) and traditional medicines. Research has also been carried out 
on the natural products of Sargassum for their potential to combat cancers and AIDS 
(Itoh et al. 1993, Nakamura et al 1994, Wong et al 2000). Besides, they have an 
important role in the marine ecosystem as they contribute to the total primary 
production in the oceans and support large number of marine organisms by providing 
secure, protected habitats and food sources. A well-known large area of pelagic 
Sargassum in the Northwest Atlantic supports a diverse community of marine 
organisms including micro- and macro-epiphytes, fungi, over 100 species of 
invertebrates, over 100 species of fishes and four species of sea turtles (Coston-
Clements 1991). The increasing exploration on the economic use of Sargassum has 
resulted in its increasing harvest in many countries. Unlike the well-developed 
culture systems of the red algal polysaccharide (phycocolloid) industry (Kapraun 
1999)，research carried out on the mariculture potential of Sargassum (Gellenbeck & 
Chapman 1986，Gellenbeck et al 1988，Schoenbeck & Norton 1980) showed that it 
is not cost effective to maintain a condition for the growth of this genus, which 
appears naturally on the coasts of wave-exposed regions with good aeration and 
sufficient nutrient supply. Due to the high abundance of its natural populations in the 
tropical, sub-tropical and some temperate regions, the focus has been on the 
management of the harvest of its members in order to maintain a sustainable yield 
and to reduce the ecological impact on the marine ecosystem. As ecological impact 
of seaweed harvesting depends on the frequency, intensity and percentage removal of 
the harvest as well as the life history characteristics and phenology of the target 
species (Foster & Barilotti 1990，Vasquez 1995)，an understanding of the biology 
and ecology of Sargassum is necessary in order to provide a basis for a good 
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management program. Studies on alginate yield, stock assessment, regeneration, 
seasonality, recruitment and reproductive ecology (DeWreede 1983, Deysher 1984， 
McCourt 1984a, Ang 1985a, 1985b & 1985c，1986，Kilar & Hanisak 1988，Kendrick 
1994，Kendrick & Walker 1994 & 1995，Arenas & Fern如dez 1998, Glenn et al 
1990, Calumpong et al. 1999，Gillespie & Critchley 1999，Hurtado & Ragaza 1999) 
of this genus have been carried out in many parts of the world in the recent 20 years. 
The Marine Environment and Sargassum Communities in Hong Kong 
The uniqueness of the biogeography and the marine biodiversity of Hong Kong is 
due to the influence of different seasonal water currents and monsoons (Morton & 
Morton 1983). The principal currents affecting Hong Kong are the Taiwan and 
Kuroshio currents from the north and east respectively and the Hainan current from 
the southwest. Taiwan current brings in cold water during winter, while Kuroshio 
and Hainan currents bring in warm water. These currents keep the waters of Hong 
Kong relatively warm in winter months and, therefore, maintain a sub-tropical 
marine condition with seawater temperature ranging from as high as SO'^ C in summer 
to just 14"C in winter. The influence of fresh water from the Pearl River to the west 
of Hong Kong, together with the rainy climate brought about by the south east 
monsoon in summer, affect the seawater in the western shores by reducing the 
salinity drastically and bringing in silt and mud. This influence diminishes from 
west to east. Therefore, western shores of Hong Kong are more or less estuarine 
with areas of mud flats and mangroves while the eastern shores of Hong Kong are 
more oceanic with rocky and sandy shores under different degrees of wave-exposure 
(Morton & Morton 1983，Hodgkiss 1984). Hong Kong is the southern limit of many 
temperate species and northern limit of many tropical species. As such, its shore 
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inhabitants, including algae, should have very different adaptations and phenologies 
which are worth studying (Ang et al 2000). Hong Kong algae were first studied in 
the 1930，s when Setchell (1931a, 1931b) collected and identified numerous species 
of seaweed from different sites. Since then, very few studies had been carried out, 
especially on the ecology of algal communities. 
Members of Sargassum are the largest brown algae known in Hong Kong (Morton & 
Morton 1983). Compare with other seaweed groups, their perennial holdfast ensures 
their ability to occupy space in the intertidal and subtidal zones especially in exposed 
shores, thereby creating a stable habitat {Sargassum bed) for different marine 
organisms. Setchell (1931b) recorded 31 species of Sargassum in Hong Kong but 
Tseng (1998) reviewed the list and reduced this number to 28. Within the 28 species, 
seven are believed to be Japanese species, the others are Japanese-Vietnamese 
species or Sino-Vietnamese species. These are mostly from Chinese waters and 
distributed eastward and westward to Hong Kong waters (Tseng 1998). 
Study Organism and General Objectives of this Study 
Among the 28 species of Sargassum reported by Tseng (1998), Sargassum 
siliquastrum (Turn.) Ag. (Subgenus Bactrophycus Kuetz.’ Section Halochloa (Kuetz.) 
Yoshida) is one of the most important ones (Fig 1.1). Individuals of these species are 
characterized by their strong retroflex basal and secondary branches and lower leaves. 
The basal leaves are broad, with entire margins, while the margins of the middle 
leaves are serrated. Upper leaves are very narrow with deeper serrated margins. The 
petioles at the basal part of the axis exhibit a very peculiar zig-zag appearance. Male 
receptacles are more cylindrical and elongated while the female receptacles are 
Chapter 1 General Introduction p. 10 
shorter, flattened and rounded at apex (Lu & Tseng 1984，Tseng et al 1985，Tseng 
1998). This species is widely distributed in Hong Kong as well as in mainland China, 
Korea and Japan. In some areas in Hong Kong, it may be found from shallow 
subtidal area (-2m Chart Datum) to deeper sub tidal at a depth of -10m CD. It may 
be the dominant Sargassum species found in deeper waters. Seasonal changes in the 
growth and reproduction of populations of this species have been observed before 
but no detailed studies have been carried out. Because of its abundance and its 
putative important role in the marine communities of Hong Kong, an understanding 
of the phenology of the population of Sargassum siliquastrum is essential in 
providing the baseline information needed to further understand the dynamics of 
Hong Kong marine communities. Further evaluation on how reproduction may 
affect the future growth and survival, as well as future reproduction of individuals of 
this species could also shed light on this aspect of algal population dynamics which 
has not been dealt with in greater extent. This thesis therefore, has the following two 
general objectives: 
1. To understand seasonal changes in growth, biomass, reproduction, density and 
size structure in a population of Sargassum siliquastrum and the physical 
parameters which may affect these changes. 
2. To evaluate the possible cost of reproduction in this species, in terms of the effect 
of reproduction on future growth, survival and reproduction of its individuals. 
Study Site: Lung Lok Shui, Tung Ping Chau 
All studies in this research were carried out in Lung Lok Shui, Tung Ping Chau. 
Tung Ping Chau is located on the northeastern part of New Territories, Hong Kong 
SAR, China at 114°26' E and 22' 33'N (Fig. 1.2). It is a bean-shaped island with an 
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area of approximately 530 hectares. The whole island is made up mainly of layers of 
sedimentary rocks, which are the substratum for most corals and seaweeds. There 
are two main patches of coral communities located in A Ma Wan to the northeast and 
A Ye Wan to the north of the island. On the south to southwestern side of the island 
is an exposed rocky shore called Lung Lok Shui that is characterized by layers of 
sedimentary rocks and boulders extending to a depth of about -10m CD. This area 
is mainly covered with marine vegetation dominated by brown algal genera 
Sargassum and Myagropsis. Due to its high exposure to wave, only isolated coral 
heads can be found within the seaweed communities (Ang et al 2000). 
Organization of the Thesis 
This thesis is organized into four chapters. The content of each chapter is 
summarized below: 
Chapter 1 - Introduction. This chapter gives a general background of resource 
allocation and the cost of reproduction in life history theory. The conflicting results 
in studies on higher land plants and algae and the importance of studying the 
Sargassum communities are mentioned. A brief description of the study site and the 
objectives of this study are also given. 
Chapter 2 - Phenology of Sargassum siliquastrum. This chapter describes seasonal 
changes in the growth, reproduction, density and population structure of this species. 
Different physical parameters were measured and were correlated with the observed 
seasonal change. Differences in the phenology of shallow and deep water 
populations of this species are discussed. 
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Chapter 3 - Cost of Reproduction in Sargassum siliquastrum. This chapter assesses 
the cost of reproduction in S. siliquastrum in terms of the effect of reproduction on 
the survival and future reproduction of individuals within the population. 
Chapter 4 - Summary. This chapter provides an overall discussion on the 
significance of this study. 
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Fig. 1.1 Habit of Sargassum siliquastrum (Turn.) Ag. 
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Fig. 1.2 Map of Hong Kong showing the location of Tung Ping Chau. The 
study site Lung Lok Shui is situated on the southwestern side of the 
island as shown in the aerial picture of the island. 
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CHAPTER TWO 
Phenology of Sargassum siliquastrum 
INTRODUCTION 
There have been numerous studies on seasonal changes in the abundance, growth and 
reproduction of different algae. Various environmental factors were proposed to 
have effect on the pattern of these seasonal changes. Factors such as temperature, 
light, salinity, nutrients and water motion were known to have their important roles 
in the growth and reproduction of algae and the underlying mechanisms have been 
described in detail (Luning 1990，Santelices 1990，Lobban & Harrison 1994). 
Temperature is one of the important factors causing seasonality in algal growth (Ang 
1986，Anderson & Bolton 1989，Luning & torn Dieck 1989，Glenn et al. 1990). 
Different species may adapt to have their maximal growth under different 
temperature ranges. Temperature too high or too low is stressful to a species. High 
temperature would be fatal to individuals by causing protein denaturation, resulting 
in enzyme and membrane damage. Too low a temperature would destroy the lipids 
and proteins of the cellular membrane by intracellular formation of ice crystals 
(Luning 1990). Temperature is also one of the factors that determine the rate of 
photosynthesis and thus influence the growth of algae (Mathieson & Dawes 1974， 
Niemeck & Mathieson 1978). It also affects spores and gametes formation in 
different arctic, temperate and tropical species (Luning 1990 and its cited references, 
Santelices 1990). Different algal species have therefore evolved tolerances to 
different temperatures in different life history phases. 
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Light is essential to all plants, including algae, as a source of energy through 
absorption by their pigments for photosynthesis. It also functions as an 
environmental signal that triggers a change in the pattern of metabolism and 
morphological development (Luning 1981，1990). Photoperiodic responses in algae 
include formation of conchospores, tetrasporangia in red algae, formation of 
sporangia, gametangia, receptacles, thalli or new blades under different photoperiods 
(Dring 1984，Luning 1990，Russell 1986，Santelices 1990). Temperature and levels 
of light or photoperiodism were usually considered together to be the main factors 
affecting the seasonal growth and reproduction of algae (Luning 1980a, 1980b). 
Nutrients such as nitrogen (in the form of nitrate, nitrite or ammonium) and 
phosphorus (in the form of phosphate) are essential elements for algal growth as they 
are components of proteins and phospholipids. Nutrient uptake and its effect have 
been studied in many algae (Chapman & Craigie 1977，Topinka & Robbins 1976, 
Chapman et al 1978，Chapman & Lindley 1980，D'Elia & DeBoer 1978，Hanisak & 
Harlin 1978，Topinka 1978，La Pointe & Ryther 1979，Wheeler & North 1980, 
Probyn & Chapman 1982，1983，Rosenberg et al. 1984，Zavodnik 1987，Gao & 
Nakahara 1990). The effect of different nutrient levels, together with the range of 
temperature and irradiance, were intensively studied especially among aquaculture 
species in order to increase their biomass yield or nutritional value for economic 
benefits. 
Back et al. (1992a, 1992b) commented that salinity is one of the major factors 
controlling the growth of algae. Fucoids living in intertidal or in estuaries with 
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fluctuating salinity are subjected to osmotic stress. Chapman (1995) reviewed 
studies on the change of salinity on fucoids especially on Fucus, which are 
distributed along a salinity gradient. Brawley (1992) found that gametes are shed 
almost exclusively during daytime high tides in Fucus when they are submerged in 
high-salinity water. Gamete fusion is inhibited at low salinity and high salinity 
seawater can reduce polyspermy by a Na+-dependent block. Norton (1977) found 
that germlings of Sargassum muticum do not grow at less than 20 7 � � . Its distribution 
is restricted to sites of high salinity. 
Water motion is a major cause of seaweed mortality at all stages of its growth 
(Lobban & Harrison 1994). In many areas, storms are seasonal and cause 
disturbances to the populations of marine communities. Wave-induced flows exert 
great hydrodynamic force on intertidal plants and animals, which exhibit a variety of 
evolved strategies such as change in morphology or size (Koehl 1982，1984，1986, 
Denny 1988). Gaylord et al (1994) suggested that mechanical factors 
(accelerational force generated by waves) may be important in limiting the size of 
intertidal macroalgae. Koehl (1999) reviewed the effects of wave exposure on life 
history and seasonality of algae with reference to the population ecology of two 
particular species, Lessonia nigrescens and Durvillia antarctica, studied earlier as 
examples (Koehl 1982， 1984， 1986, Santelices et al 1980). She showed that 
although the morphology of D. anarctica makes it more susceptible to wave damage, 
it is more of an r-selected species which recruits year-round, grows rapidly and 
produces its propagules before the seasonal storms rip the individuals off the 
substratum. While. L. nigrescens’ with a more wave persistent morphology, is 
somewhat a k-selected species which grows slower, lives for several years, recruits 
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only seasonally and takes longer after settlement to begin spore production. 
Experimental evaluation of wave exposure had also been studied in other areas (Kilar 
& McLachlan 1989, Viejo et al. 1995). Studies on biomechanics of wave-swept 
algae were carried out in order to assess the influence of wave action on seaweed 
individuals (Denny et al. 1989，Gaylord et al 1994，Koehl 1999，Milligan & 
DeWreede 2000). Denny et al (1989) studied the fracture toughness of algal blades 
and breaking stress on them by waves. He found that the crack-rounding property of 
algal materials and the ability for morphological changes of individuals could reduce 
the stress on algal fracture. Milligan & DeWreede (2000) studied the variation of 
biomechanical attachment properties of Hedophyllum sessile in different 
developmental stages and found that juveniles had their highest attachment forces on 
coralline algal turfs while adult attachment was found independent of wave-exposure 
but there was a shift to more resistant holdfasts after a series of storms. 
Seasonality of Sargassum had been studied intensively in different localities, for 
example in Spain (Arenas & Fernandez 1998)，Denmark (Weinberg et al 2001)， 
South Florida (Prince & O'Neal 1979)，California (McCourt 1984a), Mexico (Nunez 
Lopez & Casas Valdez 1996)，Hawaii (DeWreede 1976, Glenn et al 1990)，Japan 
(Umezaki 1983，1984，1986)，Philippines (Ang 1985a, Calumpong et al 1999， 
Hurtado & Ragaza 1999)，Tahiti (Stiger & Payri 1999)，China (abstract of Zheng & 
Chen 1993) and South Africa (Gillespie & Critchley 1999). These studies showed 
no general pattern of seasonal growth and reproduction among populations from 
different sites. Some have their peak growth in cooler months (DeWreede 1976, 
Calumpong et al 1999，Hurtado & Ragaza 1999，Stiger & Payri 1999) while some 
have their peak growth in the warmer months (Prince & O'Neal 1979，Umezaki 1983， 
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1984，1986，Ang 1985a, Arenas & Ferndndez 1998，Glenn et al 1990，abstract of 
Zheng & Chen 1993，Gillespie & Critchley 1999，Weinberg et al 2001). DeWreede 
(1976) and McCourt (1984a) suggested that tropical Sargassum species are most 
abundant in winter months while temperate Sargassum species are most abundant in 
summer months. However, contrasting results were found in some of the tropical 
species (Prince & O'Neal 1979，Ang 1985，Glenn et al. 1990). In Hong Kong, 
seasonality of either Sargassum or other macroalgal species were rarely studied 
(Hodgkiss 1984，Lee 2000). Following the suggestion of De Wreede and McCourt, 
the seasonality of Sargassum in Hong Kong, being subtropical in climate, should be 
somewhat in between, achieving maximum size and fertility in between seasons of 
extreme temperatures. 
In this chapter, results from the study on the seasonality of growth, biomass 
production, reproduction, density and population structure of Sargassum 
siliquastrum are presented. Physical parameters including temperature, pH, level of 
nutrients (NH3，NO3", NO2" and PO/"), were measured. Their relationships to the 
growth of S. siliquastrum were evaluated. The correlation between photoperiod (day 
length) and the growth of this species was also explored. Information on the 
frequency of storms was also collected to assess the potential impact of this type of 
physical stress on the growth of the species. As the distribution of this species 
extended from the shallow subtidal of - I m CD. to a depth of -10m CD., variations 
in the seasonal growth and reproduction of populations at two different depths were 
also compared. Although most studies on growth and reproduction of seaweeds have 
focused on seasonal variations, depth was also one of the concerns in some studies 
(Kain 1977，Boden 1979，McCourt 1984b, Flores-Moya 1997，Fernandez 1999). 
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Depth differences could result in different amount and quality of light received and 
differences in temperature and nutrient levels, especially during summer 
stratification (Lobban & Harrison 1994，Luning 1990). These would in turn affect 
the photosynthesis and growth of algal individuals. The timing of recruitment may 
be revealed through seasonal variation in the density and structure of the population. 
Analysis of the relationship between density and plant size may further contribute to 
the understanding of the effect of density on the growth of the individuals. 
MATERIALS AND METHODS 
Seasonal Change on Size, Growth, Density and Population structure 
Surveys were conducted monthly from September 1998 to June 2000 (except July 
1999 when the weather conditions did not permit field surveys to be carried out as 
planned) at the depth of -5 to -10 m CD. Length measurement of individuals was 
conducted in two ways. In the first set of measurements, 140 individuals were 
chosen haphazardly for on-site length measurement during each survey. The length 
was measured to the closest mm from the base of the holdfast to the tip of the longest 
branch. For the second set of measurements, eight 0.5 x 0.5 m quadrats were laid 
haphazardly in the Sargassum bed starting from Mar-99. All individuals within the 
quadrat were collected and brought back to the laboratory. Maximum length of 
every individual was measured from the base of the holdfast to the longest branch. 
Each individual was blotted dry and the wet weight taken with an A & D HF-3000 
Precision Balance (sensitivity = O.Olg). Dry weights of the individuals were 
obtained after drying them in an oven for two days at 105 Monthly growth (both 
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haphazard and quadrat individuals) was monitored by changes in plant length. 
Density of the population was determined by counting the number of individuals in 
each quadrat. Population structures were then shown by the mean frequency (%) 
size class distribution of each month. Ten size classes were designated, with the class 
intervals as 0.1 to 2 cm; > 2 to 4 cm; > 4 to 6 cm; > 6 to 10 cm; > 10 to 20 cm; >20 
to 40 cm; >40 to 60 cm; > 60 to 80 cm; >80 to 100 cm and >100 cm. 
Percentage of Reproduction 
Individuals were counted as reproductive once receptacles were visible on their 
branches. This criterion was applied to both on-site haphazardly measured 
individuals investigated monthly from Aug-98 to Jun-00 and those collected from the 
quadrat from Mar-99 to Jun-00. Percentage of reproduction was calculated as the 
ratio between the number of reproductive plants over the total number of plants 
measured, expressed in percentage. Percentage of reproduction was calculated 
separately for individuals measured haphazardly and for those collected from the 
quadrats. 
Comparisons of "Deep “ and "Shallow" Water Populations 
Monthly length, growth, and percentage of reproduction of individuals in shallow 
water at a depth of - 1 to - 3 m CD from a related study covering the period from 
December 1996 to June 2000 were used to compare with those of individuals in 
deeper water of this study. As the distribution of the "shallow" water individuals 
was very patchy, it was not possible to collect individuals using quadrats. Therefore, 
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100 individuals were haphazardly measured in each month in a way similar to that 
described for the "deep" water individuals. 
Seasonal Change in Physical Parameters 
Three 250ml water samples were collected monthly. Concentrations of nutrients 
(NH3, NO3-，NO2' and PO/") were determined following the protocol of the American 
Public Health Association (APHA 1995). pH readings were measured using a 
portable pH meter and salinity using a refractometer. Four temperature probes 
"MINILOG" (Vemco, Halifax, Canada) were fixed separately on large granite blocks 
and placed underwater in the study site during the study period. Two probes were 
placed in the shallow water (-1 to - 3 m CD) and the other two were placed in the 
deep water (-5 to -10 m). Temperatures were recorded every 30 minutes and the 
probes were changed every three months. Data on photoperiod (day length) and 
information on Tropical Cyclone Warning were obtained from reports published by 
the Hong Kong Observatory (1998，1999，2000) and internet database maintained by 
the Hong Kong Observatory respectively. 
Statistical Analysis 
Kolmogorov-Smimov Tests and Levene Tests were used to check the normality and 
variance of the data. As both haphazard and quadrat data were collected to 
investigate the seasonal variation in size, growth and reproductive phenology, paired 
t-tests or Wilcoxon Signed Ranks Tests were used, depending on whether parametric 
assumptions of the data could be satisfied or not, to test the difference between the 
two sets of data. Pearson's product-moment correlation was applied to investigate 
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the relation between different physical parameters (temperature, pH, salinity, 
nutrients and photoperiod) and the size and growth of both the shallow and deep 
water populations. Linear Regressions were used to analyze the relationship between 
length and density of the deep water population and the change of this relationship 
over different seasons. 
RESULTS 
General Seasonal Trends on Size, Growth and Biomass of the Deep Water 
Population 
For individuals haphazardly measured (haphazard individuals), the mean length of 
the population increased from 42.86 土 20.63 (S.D.) cm in Sep-98 to a peak of 103.23 
土 57.53 cm in Jan-99 (Fig. 2.1). It then began to die back. A minimum mean length 
of 6.22 土 4.44 cm was recorded in Apr-99. A similar pattern was found in the 
following year but a smaller peak of 80.27 土 45.00 cm was recorded in Jan-00 and a 
minimum mean length of 3.32 土 2.81 cm in Apr-OO. Measurements on individuals 
collected from the quadrats (quadrat individuals) started in March 2000. The pattern 
of seasonal change of these quadrat individuals was the same as those of the 
haphazard individuals (Pearson product-moment correlation, r = 0.96，p < 0.001) (Fig. 
2.1). However, a significantly smaller mean length of quadrat individuals was 
recorded when compared with those of the haphazard individuals (Paired t-test, t = -
4.088，df = 13，p = 0.001). A slight drop in plant mean length occurred in Nov-98. 
Similar but greater drop was observed at a later time in Dec-99 for both haphazard 
and quadrat individuals. 
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The mean growth rate of both haphazard and quadrat individuals varied with time 
(Fig 2.2). For haphazard individuals, growth rate was positive from Sep-98 to Jan-98 
except from Oct to Nov-98 when a negative growth rate of -0.16 cm / day was 
recorded. A peak growth of 1.29 cm / day was recorded from Nov to Dec-98. It then 
dropped drastically to -1.72 cm / day from Jan to Feb-99 when individuals started to 
die back. The size of the individuals decreased continuously from Feb to Apr-99, but 
the rate of decrease slowed down after Feb-99. Positive growth rates were recorded 
from Apr-99, with the rate being progressively increasing through summer to winter 
months. The seasonal cycle repeated with a peak growth of 0.9 cm / day recorded 
from Dec-99 to Jan-00. A drop in the growth rate started from Jan-00 till Apr-00, 
before the plants regained a positive growth rate again from Apr-00 to May-00. The 
growth of the quadrat individuals followed a similar pattern but with a lesser range of 
fluctuation (Fig. 2.2). The plants gained positive growth rates from Apr-99 to Jan-00 
except between Nov to Dec-99 where a negative growth of -0.79 cm / day was 
recorded. Their growth rate dropped to -0.67 cm / day from Jan to Feb-00 when die 
back occurred. A negative growth was recorded from Feb to Apr-00 before the plants 
started to gain a positive growth rate again in May-00. The overall mean growth rate 
of quadrat individuals over a year was not significantly different from that of the 
haphazard individuals (Wilcoxon Signed Ranks Test, n = 13，p = 0.529). 
The monthly variation of biomass among quadrat individuals showed a similar 
general trend as the variation of their mean length (Pearson's product-moment 
correlation, n = 15, r = 0.918 for correlation with total biomass, p < 0.001; and r = 
0.935 for correlation with vegetative biomass, p < 0.001)，but some differences were 
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also observed (Fig 2.3). In Apr-99 while the mean length started to increase, the 
biomass was still decreasing. A minimum total biomass of 0.43 土 0.19 (S.D.) g / 
individual was measured in Jun-99. This increased thereafter to a maximum of 11.86 
土 9.45 g / individual in Nov-99. While the mean length of the population was 
increasing to a peak in Jan-00 before dying back, the biomass of the populations 
started decreasing from Nov-99 to a minimum of 0.43 土 0.32 g / individual in May-
00. Comparing the pattern of the total with that of vegetative biomass, a bigger drop 
in vegetative biomass was observed in Mar to Jun-99, Nov-99 to Jan-00, and Feb to 
May-00 (Fig. 2.3). 
Mean Density and Population Structure 
Changes in the mean density of the quadrat individuals are significantly negatively 
correlated with changes in their mean length (Pearson's product-moment correlation, 
n = 15, r = -0.545，p < 0.05). Density of quadrat individuals increased from 23 ± 
5.95 (S.D.) individuals / m^ in Mar-99 after occurrence of the first year dieback to a 
peak of 268 ± 100.38 individuals / in Jun-99 (Fig 2.4). While the mean length of 
the population increased from Apr-99 to a peak in Jan-00, the mean density 
decreased from Jun-99 to a minimum of 41 土 28.56 individuals / m^ in Nov-99. In 
the winter months from Dec-99 to Feb-00 when the population attained its largest 
size and just before the release of the gametes (see section on Reproductive 
Phenology on p. 27)，its density remained low, ranging from 51 to 61 individuals / m^. 
When the second year dieback occurred in Feb-00 with a sharp decrease in the mean 
plant length from Feb to Apr-OO, the mean density increased again as in the previous 
year from 41 ± 29.19 individuals / m^ in Mar-OO to 144 ± 65.64 individuals / m^ in 
Jun-00. 
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The size distribution of the quadrat population also showed a seasonal trend (Fig 2.5). 
After the first year dieback of the population in Feb-99, individuals of the largest size 
class (>100 cm) disappeared, leaving only a few individuals in size classes between 
60 to 100 cm in March. Most of the remaining individuals fell into size classes 
between 6 and 60 cm. The shape of the size class distribution changed when 
individuals >20 cm disappeared and new recruits entered the population in Apr-99. 
The highest frequency of the individuals (40.6% 土 41.45 S.D.) was recorded in the 
smallest size class (>0.1 to 2 cm). These new recruits continued to enter the 
population from Apr to May-99. The size distribution then moved to the right to 
larger size classes from Jun to Oct-99, presumably due to the growth of these new 
recruits as well as the regeneration of new shoots from the perennial holdfasts of the 
previous year. Two peaks, one in size class >10 to 20 cm and one in size class >80 
to 100 cm appeared in Nov, becoming more pronounced in Dec-99, before becoming 
less significant in Jan-00. The size distribution then moved to the left with an 
increase in the size of the size class >20 to 40 cm in Feb-00 during the second year 
dieback. With the disappearance of the largest size-class individuals and the entry of 
new recruits in Mar-00, one month earlier than in the previous year, the size class 
distribution became skewed to the right. The degree of skewness was much more 
pronounced in Apr-00 than in any other time in the previous year. 
Fig. 2.6 presented the monthly size variation among quadrat individuals. Depending 
on the time of sampling, the ranges of size of individuals found in different quadrats 
could be quite large. The difference in the mean length of individuals among 
quadrats in March 1999 was due to the die back of the individuals. The differences 
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in the mean length of individuals among quadrats were more pronounced in the 
winter months, when the individuals were bigger. The pattern was similar in spring 
in both years of observation. 
The negative length-density relationship of quadrat individuals may be linearized by 
transforming length to a log scale (Fig. 2.7). This relationship changed over time and 
was significant from Apr-99 to Jun-99 when entry of recruits increased the number 
of small sized plants at high density. However, this linear relationship gradually 
flattened off and became non-significant in Aug-99 (Fig. 2.8). The relationship 
became significant and increasingly steep again from Sep-99 to Nov-99, during the 
period of rapid growth and when the density declined to more or less a constant level. 
With most individuals reaching their maximum size in Jan-00 and Feb-00, the 
relationship between length and density became flattened and non-significant again. 
A new cycle was initiated with the onset of die back in Feb and Mar-00, and the 
entry of new recruits into the population. For all cases where significant linear 
relationship between length and density was recorded, more than 50% of the 
variation had been accounted for by the regression line (i.e., r^  > 50%). 
Reproductive Phenology 
The reproductive period of the haphazardly sampled individuals started in August 
and ended in March (Fig 2.9). Some individuals were already found to be 
reproductive when the survey was carried out in Sep-98. Among these haphazard 
individuals, the proportion of them becoming reproductive increased from 20.53% in 
Sep-98 to a peak of 83.03% in Jan-99. The percentage of reproductive individuals 
dropped to zero in Feb-99 after gamete release and the initiation of die back. The 
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plants started to become reproductive again in Aug-99. The percentage of 
reproductive individuals increased from 0.67% to a peak of 77.78% in Jan-00. Again, 
a sharp decrease in the number of reproductive individuals occurred in Feb-00 and all 
became vegetative in Mar-OO. 
Among the quadrat individuals collected starting from Mar-99 to Jun-00, their 
reproductive phenology was similar to that observed among the haphazard 
individuals (Pearson's product-moment correlation, r = 0.934, n = 15, p < 0.001), but 
the proportion of individuals found to be reproductive was generally significantly 
lower (Paired t-test, t = 2.156, df = 14，p < 0.05). The percentage of reproductive 
quadrat individuals increased from 13.33% in Sep-99 to a peak of 30.85% in Jan-00. 
The reproductive period was over in Mar-OO, 
Comparisons of Shallow and Deep Water Populations 
Field sampling of individuals in shallow water (-Im to -3m C.D.) of Lung Lok Shui 
initiated in 1998 to 2000 offered an opportunity to compare the phenology of this 
population (shallow water population) with that carried out in deeper water (-5 to -
10m CD., deep water population). These two populations were separated by a sandy 
patch of about 10-15 m in width. Because individuals of S. siliquastrum in the 
shallow water region are very scattered in their distribution, only haphazard 
individuals could be monitored effectively. Therefore, only data on haphazard 
individuals of the deep water population are used for comparison. 
The shallow water individuals were generally smaller in size than the deep water 
individuals (Paired-t test, t = -4.958，df = 17, p < 0.01) (Fig. 2.10). Although the 
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general pattern of growth between the two populations appeared to be similar, there 
were substantial differences. The deep water population attained its maximum size 
in Jan-99 (103.23 ± 57.23 (S.D.) cm) and Jan-00 (80.27 土 45.00 cm ). However, the 
shallow water population reached its peak of 48.18 ± 29.86 cm in Jan-99 and 56.06 土 
23.59 cm in Dec-99, one month earlier in the second winter. Its size dropped to a 
minimum of 9.38 ± 6.06 cm in Mar-99 and 4.37 土 3.86 cm in Apr-00, the timing 
being the same as that of the deep water population. Peak growth of both deep water 
population and shallow water population was attained in Dec-98. However, the 
shallow water individuals had their peak growth of 0.65 cm / day in Dec-99 while the 
deep water individuals reached their peak growth of 0.9cm / day a month later in Jan-
00 (Fig. 2.11). The deep water population appeared to start growing right after the 
minimum size was reached in Apr-99 (Fig. 2.10)，whereas the growth of shallow 
water population was more suppressed. It did not start to grow more rapidly until 
Oct-99 (Fig. 2.11) and attained the maximum size within a short period of three 
months (Fig. 2.10). It also did not experience a sudden drop in growth rate in Nov-
99 to Dec-99, as did the deep water population. 
There was almost no difference in the percentage of reproductive individuals 
between the two populations at the peak reproductive season in January of both years 
(Fig. 2.12). However, the shallow water population had its reproductive period 
lasting for only two to three months (Jan to Feb-99 and Nov to Jan-00), much shorter 
than that of the deep water population which lasted for five to six months. 
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Seasonal Trends of Physical Parameters and Their Correlation with the Size, 
Growth and Reproduction of the Populations 
Monthly variation in pH and salinity of seawater showed no distinct seasonal trend 
(Fig. 2.13). pH fluctuated from 8.27 to 9.05 throughout the study period while 
salinity remained stable, ranging from 25 to 35 ppt for most of the months except in 
Aug-99 when it dropped to 17 ppt. 
Seawater temperature and some nutrient concentrations did show a seasonal trend 
(Figs. 2.14, 2.15). The highest temperature in shallow water (-1 to -3m CD.) was 
recorded in Jul-98 (29 °C) and Jul-99 (28.2 °C) while the highest temperature in deep 
water (-5 to -10m CD.) was recorded in Jun-99 (24.5 °C) (No data for 1998). 
Temperature of both shallow and deep waters reached a minimum of 18 in Jan and 
Feb-99, and 15.8 °C in Feb-00. The presence of a persistent thermocline in summer 
months had resulted in a temperature difference of three to four degrees between 
shallow and deep waters from May to Sep-99. Nutrient concentrations of NOj", NH3 
and PO42- were generally higher in winter and lower in summer (Fig 2.15). The 
concentrations of NCV fluctuated throughout the study period (1998-1999) with no 
clear pattern observed. Hong Kong is located in the northern hemisphere. Days are 
longer in June and July and shortest in December (Fig. 2.16). A typical summer day 
has about 13 hrs of day light, and a winter day about 11 hrs of day light. The pattern 
is consistent over years. 
Typhoons (Tropical Storm) visit Hong Kong quite regularly each year but the timing 
is unpredictable. It could come as early as April and as late as November. During 
the study period from Sep-98 to Jun-00，a total of 12 typhoons visited Hong Kong 
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(Table 2.1). Of these, eight were in 1999，with the most severe one (Signal No. 10) 
occurring in Sep-99. Exposure to storm surges generated under storm Signal no. 8 or 
above caused extensive breakage of branches of Sargassum plants (personal 
observation). 
None of the pattern of change in physico-chemical parameters, except for that of 
photoperiod, correlated significantly with changes in the length and growth rate of 
the deep water individuals of Sargassum siliquastrum (Table 2.2). The pattern of 
change in deep and shallow water temperature, NO2 concentration and photoperiod 
was significantly correlated with the pattern of change in the length, and that of NH3 
concentration with the growth rate of shallow water individuals (Table 2.3). 
Changes in temperature, NO2" concentration and photoperiod were significantly 
correlated with percentage of reproduction of both shallow and deep water 
populations. Except for NCV concentration, all these correlations were negative. 
If one month antecedent data of the physico-chemical parameters were used in the 
correlation analysis, then changes of deep water temperature would be significantly 
positively correlated with seasonal changes in the growth rate of the deep water 
population (Table 2.3). Photoperiod was significantly negatively correlated with 
length but not with the growth rate of deep water individuals. Among the other 
parameters, only NH3 concentration was found to be significantly negatively 
correlated with length of haphazard individuals, and growth of quadrat individuals of 
deep water population. The correlation between the antecedent physico-chemical 
parameters and the length and growth of the shallow water population was less 
obvious. Only pattern of changes in deep water temperature was significantly 
Chapter 2 Phenology p. 32 
positively correlated with that of growth rate, and that of photoperiod with the 
pattern of change in the length of shallow water individuals. No new additional 
information could be obtained to relate the antecedent physico-chemical parameters 
and percentage reproduction of both shallow and deep water populations except that 
pattern of changes in salinity and PO/ ' was found to be significantly positively 
correlated with the percentage reproduction of shallow water population (Table 2.3). 
DISCUSSION 
Two approaches were taken to assess the population ecology of Sargassum 
siliquastrum individuals in this study. One was the use of haphazard sampling and 
the other, quadrat sampling. Results obtained from either approach were very similar. 
Both approaches were able to capture the general pattern of changes in size and 
growth rate over time, including more detailed changes like the drop in the mean size 
of the population in December 1999. However, the mean size obtained for the 
quadrat individuals was generally smaller than that for the haphazard individuals. 
This indicates that using haphazard measurement, the smaller individuals would tend 
to be under-sampled. So for size class analysis of the population, quadrat sampling 
would be a better approach than haphazard sampling. The former should also be 
better in detecting the entry of new recruits into the population as these tend to be 
very small. The quadrat approach however, may be applicable only if the population 
has a substantially high density of individuals within a reasonable area. The shallow 
water individuals, for instance, are more sparsely distributed. Quadrat sampling will 
not be efficient, as many more quadrats may be needed, sometimes far more than 
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logistically realistic, to cover a big area and to obtain a good sample size of 
individuals for the same species. In this case, haphazard sampling may be able to 
provide an alternative approach. In the present study, haphazard sampling of shallow 
water individuals appeared to be able to capture the general pattern of change in the 
size and growth of the population. 
The generalization made by McCourt (1985) on the contrasting patterns of seasonal 
growth of Sargassum in temperate and tropical areas had been supported by some 
studies. Temperate species such as S. muticum off British Columbia, Canada 
(DeWreede 1978 cited in Glenn et al 1990) and S. miyabei, S. hemiphyllum & S. 
ringgoldianum in Japan (Umezaki 1983，1984，1986) exhibited maximal growth in 
warmer months while tropical species usually grow to high abundance in the cooler 
months (DeWreede 1976). Examples of the latter include S. mangarevense from 
Tahiti which had its peak abundance in the Austral winter (Stiger & Payri 1999). For 
subtropical species, a greater variation with different seasons of maximal growth and 
abundance, either similar to tropical or temperate species, or falling in the middle 
between the extremes, has been exhibited (Glenn et al 1990). Examples of 
subtropical species such as S. pteropleuron and S. filipendula in Florida appear to 
grow best in summer (Prince & O'Neal 1979, Dawes 1987), similar to temperate 
species. Three species of Sargassum from the upper Gulf of California had their 
maximal growth in spring, between the temperature extremes of winter and summer 
(McCourt 1985). Sargassum thunbergii in Fujian, China reached its maximum 
length and weight in fall, also in between the extreme seasons (Zheng & Chen 1993). 
However, some other studies found conflicting results on this general geographical 
trend. Tropical species of S. siliquosum and S. paniculatum in the Philippines 
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attained their maximal growth and higher growth rate in warmer months and were 
shortest in cooler months (Ang 1985a). Sargassum species in KwaZulu-Natal, South 
Africa also showed conflicting results, with the peak biomass attained during the 
hottest period of the year and declined with lower temperature (Gillespie & Critchley 
1999). Stiger & Payri (1999) and Gillespie & Critchley (1999) suggested that as 
temperature in the tropics does not undergo strong changes, it may not be the key 
factor to affect the growth of the species. Instead, other factors may be more 
important. 
Populations of Sargassum siliquastrum in this study achieved their maximum growth 
(Dec-98，Dec-99 to Jan-00), maximum size (Jan-99, Dec-99 to Jan-00) and peak 
biomass (Nov-99) in late fall to winter when the temperature dropped below 20°C. 
They exhibited minimal growth in spring after gamete release and die back. This 
growth pattern seems to follow the general trend of tropical species described by 
McCourt (1985). As temperature in Hong Kong waters fluctuated over a relatively 
large range, from a minimum of 15.8 °C in winter to a maximum of 29 °C in summer 
(in the present study site during the study period), it may be a key factor to the 
seasonality of this species. The shallow water population appeared to be more 
affected by temperature change. A significant negative correlation was detected 
between temperature change and changes in the individual sizes (Table 2.2). For the 
deep water population, the effect appeared to be more indirect. A strong negative 
correlation was detected between one month antecedent monthly mean temperature 
and the growth rate of this population (Table 2.3). In both populations, the 
individuals attained their maximum size before the water temperature dropped to its 
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minimum. They declined to their minimum size before water temperature reached its 
highest level. 
The influence of antecedent temperatures on Sargassum has been assessed in 
previous studies. Significant correlation was found between Sargassum cover and 
the antecedent event of minimum water temperature in the Philippines (Ang 1986). 
Biomass of Sargassum was found positively correlated to one month antecedent 
mean air temperature in South Africa (Gillespie & Critchley 1999). The size of S. 
polyphyllum in Hawaii was also found to be highly correlated with antecedent water 
temperatures (Glenn et al. 1990). Gillespie & Critchley (1999) mentioned that 
different development phases such as recruitment, growth, reproduction, die back 
and regeneration should be considered when examining the seasonal variation of 
length, biomass or density along with reproductive phenology. DeWreede (1976) 
indicated that peak abundance usually coincides with peak fertility. Glenn et al 
(1990) found that Sargassum thalli became reproductive when temperatures in 
Hawaii began to decline. McCourt (1985) found in three species of Sargassum that 
these became reproductive just after or at the same time as when they attained 
maximum stipe length in spring. 
In the present study, warm temperature favored vegetative growth of the species. 
This is more obvious among the deep water individuals than the shallow water ones. 
Deep water individuals exhibited steady growth throughout summer, although the 
longest size was reached during the cooler months in fall and winter. The growth of 
shallow water individuals was very slow throughout the summer, but a rapid growth 
was exhibited after September, when the water temperature started to drop. There 
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may be an optimal temperature that favors the growth of this species. In shallow 
water, summer temperature over 25 °C was too high for the growth of shallow water 
individuals. In deeper water, the thermocline keeps a cooler layer of water below. 
This water, at a temperature of around 25 persisted throughout the summer, hence 
supporting the steady growth of the deep water individuals. 
Photoperiod (day length) was significantly negatively correlated with length of both 
shallow and deep water individuals but was not significantly correlated with their 
growth rates. As light could function as an environmental signal, it may induce 
developmental and morphological changes in the phenomena of photoperiodism. 
Photoperiodic responses were found to trigger growth and reproduction among many 
algal species (Luning 1980, 1989). These responses were also found in different 
growth stages among different algae. Formation of conchosporangia, release of 
conchospores or formation of tetrasporangia in some red algae; formation of 
sporangia, gametangia, receptacles, erect thalli or new blades in some species of red, 
brown and green algae were found to be triggered through short day reactions while 
similar response may be triggered through long day reactions in other species 
(Luning 1980 & its cited references). However, the importance of photoperiod to the 
growth and reproduction of S. siliquastrum was not independently evaluated in this 
present study. 
Other physical parameters monitored in this study were pH, salinity, and nutrient 
levels. While pH and salinity did not show distinct seasonal trends, nutrient levels of 
NO2", NIVand PO/ ' in seawater were higher in winter months and lower in summer 
months. The high concentration of nutrients in February and March may be a result 
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of rapid decomposition of decaying annual parts from individuals of Sargassum spp. 
and from other algae dying back during this period. In Laminaria longicruris and 
Macrocystis integrifolia, nitrate concentration in their tissue was found to vary with 
nitrate concentration in the sea throughout the year (Chapman & Craigie 1977, 
Wheeler & Srivastava 1984)，indicating the direct uptake of nutrients by individuals 
from the surrounding environment. Ulva rigida and Porphyra leucosticta exhibited 
higher photosynthetic rates and pigment content in plants from nutrient-rich coastal 
water compared to those from nutrient-poor places (Zavodnik 1987). Rosenberg et 
al (1984) showed in experiments that ammonium also had positive effect on the 
growth of several brown seaweeds. In studies of Sargassum species, Ang (1985a) 
found a positive correlation between length of S. siliquosum and S. paniculatum and 
water phosphate content. Gao & Nakahara (1990) reported a relatively higher 
photosynthetic rate and growth rate in S. thunbergii from a nitrate- and phosphate-
rich site compared to those from another site with nitrate- and phosphate-poor coastal 
water. Higher concentration of nutrients during winter months in the present study 
could be a factor that affected the growth of S. siliquastrum. Again, this relationship 
appeared to be more direct for the shallow water population than for the deep water 
population. Concentration of ammonium (NH3) was significantly negatively 
correlated with the growth rate of the shallow water population, and its one month 
antecedent concentration was also negatively correlated with the growth rate of the 
deep water population. The correlation with other nutrient concentrations was less 
clear. It has been shown that nitrogen in the form of ammonium (NH3), as compared 
with nitrate (NO3 ) and nitrite (NO2"), is most preferentially taken up by macroalgae. 
A negative correlation may indicate that the nutrient taken up was not immediately 
used for growth, but may have been stored in the algal thalli until other 
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environmental conditions, like temperature and photoperiod, became favourable. 
Such a growth strategy has been exhibited by other algae like Laminaria 
groenlandica (Harrison et al. 1986). It is possible that all the nutrients were slowly 
being taken up by the algae such that a low level was attained in summer, just before 
the start of a rapid growth in the fall. Despite its low levels, there was no evidence to 
indicate that the nutrients were depleted in seawater. This may suggest that nutrients 
are not the limiting resources in such an exposed shore as the present study site. 
Leigh et al (1987) showed that primary productivity on wave-swept shores is 
extraordinarily high, a fact they attributed to the increased nutrient supply and 
constant rearrangement of fronds associated with wave-induced water motion. It 
may be the same case here as the study site Lung Lok Shui is exposed to the 
relatively great impact of waves throughout the year. 
Production of reproductive structures was correlated with lower water temperature 
when a certain plant size was attained in September. However, a very low 
temperature in February may be detrimental. Both shallow and deep water 
individuals grew to the maximum size and became sexually mature in December to 
January, although shallow water individuals appeared to reach their peak 
reproduction (Dec-99) slightly earlier than the deep water individuals (Jan-99). The 
release of gametes started in January, before the temperature dropped to its minimum 
in the following month. Gamete release was also timed at the period of high nutrient 
concentration. After gamete release, mass die back occurred in February to March 
when the temperature was at its lowest throughout the year. Die back reduced the 
size and growth of individuals to their minima in April. Many of the individuals 
were also totally detached from their substratum during the die back period. This 
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may have an advantage for the recruits to enable them to occupy the newly opened 
up space. With the presence of high nutrient concentration, warming up of water 
temperature and increasing day length, the timing of reproduction and subsequent 
gamete release may be such that the best conditions for the growth of the new 
recruits would be met in order to start a new cycle of population growth in the 
subsequent months. A slightly earlier timing of reproduction among the shallow 
water individuals may allow them to take advantage of the conditions even earlier. In 
shallow water, individuals of S. siliquastrum need to compete with other Sargassum 
species making the shallow water an apparently more difficult environment for them. 
Tropical cyclones can cause immense disturbance by inducing strong waves in the 
marine benthic environment. The wave-induced force may cause the dislodgement of 
the whole individuals. Survival of benthic seaweed in a wave-exposed site is 
dependent on the total forces transferred from the wave to the individual attachment 
and the resistance force of the attachment. If the wave-induced force exceeds the 
attachment force, then the individuals will be dislodged (Carrington, 1990). Often, 
branches may be torn though the holdfasts of individuals may be retained. Although 
no experiments were conducted to investigate the effect of wave force on the 
Sargassum population in the present study, the records of tropical cyclone history 
may explain the difference on the peak length in year 1999 and 2000 when the 
population attained a maximum of 103.23 土 57.53 (S.D.) cm in Jan-99, but a 
maximum length of only 80.27 土 45.00 cm in Jan-00 (Fig. 2.1). As shown in Table 
2.1, no strong typhoon signal over signal no. 3 was recorded in 1998. However, in 
1999, a series of typhoons with a sustained wind speed of 63-117 km/hr that 
occasionally exceeded 180 km/hr (signal no. 8) visited Hong Kong waters from May-
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99 till Sep-99. Typhoon YORK in Sep-99 should have exerted the greatest effect. It 
had the strongest hurricane force winds (signal no. 10) recorded in the previous ten 
years, with a sustained wind speed increasing from 118 km/hr that occasionally 
exceeded 220 km/hr (database provided from Hong Kong Observatory web page 
http://www.hko,gov.hk/). These incidences of sudden physical disturbance perhaps 
caused serious breakage of Sargassum branches and even dislodgement of entire 
individuals, as evidenced by the drop in the plant biomass in Sep to Oct-99 (Fig. 2.3) 
and a drop in growth (Fig. 2.2) during the same period. This resulted in a drop of the 
peak mean length of the population in Jan-00. Interestingly, the effect of the storm 
on the shallow water population did not appear to be as severe as that for the deep 
water population. The shallow water population did not start its rapid growth until 
after October. This may have allowed the shallow water individuals to escape the 
impact of this storm resulting in no apparent long lasting effect on the peak length 
attained. 
The seasonal variation in mean biomass together with the mean length of the main 
deep water population of S. siliquastrum in the present study could, to a certain 
extent, also reveal the change in the resource allocation pattern and reproductive 
strategy of this species. While the mean biomass of the individuals increased from 
the summer months in Jun-99 together with the increasing mean length, it reached its 
peak at 11.86 土 9.45 g / individuals in Nov-99 (Fig 2.3). However, its mean biomass 
dropped gradually from the peak while the mean length of the individuals was still 
increasing to a peak in Jan-00 just before the release of gametes. In other words, the 
individuals had changed from "bushy" plants, with thick branches and broader thalli 
to "tall and slim" plants, with longer but thinner branches and thalli, loaded with 
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receptacles. Resources are presumed to be limited within a plant (see Chapter 1), 
and their allocation to different structures is an adaptive strategy. Lawrence & 
McClintock (1988) studied the allocation of organic material and energy to the 
holdfast, stipe and fronds in Postelsia palmaeformis and compared their results with 
a previous study on Durvillaea antarctica (Lawrence 1986). They related resource 
allocation with the different life history strategies of these species, with both 
functioning well in similarly exposed environments. Both are similar in having short 
stipes, but the stipe of P. palmaeformis is hollow and that of D. antarctica is solid. 
Though less energy is allocated to the hollow stipe, its resistance to wave energy is 
also lower when compared with that of the solid stipe. Much more energy is 
allocated to the more massive holdfast of D. antarctica as the longer, more extensive 
fronds require support from a larger holdfast. Energy in the fronds of D. antarctica 
is deposited over a period of years but that of P. palmaeformis is produced in a 
number of months. Lawrence & McClintock (1988) concluded that P. palmaeformis 
is a r-selected species while D. antarctica is a k-selected species. 
In the present study, it seems likely that resources of S. siliquastrum individuals were 
allocated more to the production of gametes and reproductive structures when the 
mean biomass reached its peak level in Nov-99 than when the individuals were still 
growing during earlier months. The subsequent drop in biomass could be attributed 
mainly to the loss of leaves and vesicles from the branches of lower orders. This is 
evidenced from the larger difference in the amount of vegetative and total biomass 
during the periods from Mar to Jun-99, and from Feb to May-00 (Fig. 2.3). This is a 
typical growth phenomenon for many Sargassum species where the basal leaves and 
vesicles fall off while the apical or lateral branches continue to grow. Eventually 
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during the peak of reproduction, the leaves of the lateral branches will also fall off, 
leaving only the receptacles. While main resources may be allocated to the 
production of receptacles after the peak biomass level has been reached, some 
limited amount may still be allocated to growth, primarily to increase the length of 
terminal branches bearing the receptacles. On the other hand, the shedding of leaves 
and vesicles from the lower branches would be a trade off to reduce the energy 
needed to maintain them. This switch of resource allocation to support the growth of 
terminal or lateral branches, making them longer, may increase the overall risk of the 
plants to wave impact. In other words, as plants become longer, and terminal 
branches thinner, they are more likely to be ripped off or torn off by waves. In 
exchange for this risk, however, is a better dispersal shadow of propagules brought 
about by taller plants. Broken branches bearing receptacles could aid in the dispersal 
as well. The ability to employ this strategy may help explain the success of S. 
siliquastrum in occupying a wide range of depths, from shallow water - 1 m CD to a 
depth of -10 m CD in the study site as compared with other species, e.g. S. 
hemiphyllum, which are confined mainly to the shallow subtidal not greater than 3 m 
in depth. 
The amount of biomass that was directly related to reproduction, that is the biomass 
of the receptacles, is actually very small. This contributed to the difference in the 
amount of vegetative biomass and total biomass observed during the reproductive 
season from Nov-99 to Jan-00 (Fig. 2.3). A more detailed study on resource 
allocation to reproduction and growth is given in Chapter 3. 
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The timing of recruitment of S. siliquastrum is revealed from the pattern of seasonal 
variation of mean population density and structure (Figs. 2.4，2.5). The sudden 
increase in mean density together with the first appearance of the smallest size class 
individuals of >0.1-2 cm in Apr-99 suggested that new recruits entered into the 
population earlier and became visible in Apr-99. Similarly, the appearance of the 
smallest size class individuals in Mar-00 suggested that recruitment took place at 
least one month earlier in this subsequent year. 
Changes in the population structure provided a more detailed picture on the growth 
of the population (Fig. 2.5). The largest size class (> 100cm) individuals disappeared 
in Mar-99 after mass die back in the previous months with the remaining declining 
individuals of various lengths. The disappearance of individuals >20 cm together 
with the appearance of large amount of new recruits (>0.1-2 cm) shifted the peak 
frequency of the size class distribution to the left. As these new recruits grew, many 
of them would move into the next higher size class in the subsequent months. 
However, new recruits also suffered high mortality, resulting in a relatively smaller 
increase in the size of the second size class >2 - 4 cm from Apr to May-99, The size 
distribution continued to move to the right into larger size classes from Jun to Oct-99. 
As recruits grew and as perennating holdfasts started to regenerate new lateral 
branches, the difference in the rates of growth of the young recruits and the older 
individuals from previous year contributed to the presence of two peaks, one in size 
class >10 to 20 cm and one in >80 to 100 cm, in Nov-99. The young recruits 
appeared to grow continuously to larger size classes while the old individuals had 
attained their maximum size and became reproductive, hence smooth out the two 
peaks in Dec-99 and Jan-00. The presence of the individuals under size class >2 to 4 
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cm in winter months from Sep-99 to Jan-00 may be a result of breakage of mature 
plants due to typhoon conditions or to the suppression of growth of young recruits by 
the canopy of the larger individuals. The second year die back occurred in Feb-00 
and the shape of the size distribution moved to the left with the disappearance of the 
largest size-class individuals. A new cycle was repeated in the following year. 
The monthly size variation among quadrat individuals (Fig 2.6) could also provide 
information on the dynamics of the population structure. The difference in the mean 
length among quadrats in Mar-99 was due to the presence of individuals at different 
stages of die back. Some quadrats would be composed mainly of decaying larger 
individuals, and some with all the primary branches torn off, leaving only holdfasts. 
The mean length among quadrats from Apr-99 to Jun-99 remained small and even, in 
the presence of a mixture of new recruits and individuals with all primary branches 
shed and the secondary laterals not yet developed (i.e. holdfast-only individuals). 
The difference in the mean length among individuals in different quadrats increased 
in the winter months as their overall mean length increased. Other factors, like the 
suppression of growth of the young by the large individuals or breakage of longer 
branches by waves may be responsible for such a difference in the mean length 
observed. 
The effect of density on growth of algae had been studied before but without 
consistent results. A positive relationship between densities and length/weight was 
found on Sargassum sinclairii, Ecklonia radiata and Carophyllum maschalocarpum 
(Schiel & Choat 1980, Schiel 1985). However, arguments were raised by Cousens & 
Hutchings (1983), who reviewed the different studies, that there should be a negative 
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relationship. Some other studies also demonstrated a negative relationship between 
density and the growth of algae (Reed 1990, Ang 1992b). 
In the present study, a significant negative relation between mean density and mean 
log length was detected, but this relationship was not consistent (Fig. 2.7). Several 
processes may contribute to the change in the relationship between length and 
density, as depicted in the change of the slope of this relationship over time (Fig. 2.8). 
The population in this study did not all start as a single cohort but with remaining 
individuals from the previous year. These individuals died back, becoming smaller 
and more uniform in size with no significant decrease in their density. This was the 
situation in Mar-99 hence no significant relation between length and density could be 
detected. The entry of recruits, which were all small plants but in high density, 
changed the situation. This was reflected as a very steep log length density 
relationship in Apr-99 when those quadrats with high density of individuals would 
have mostly small recruits, while those with low density of individuals would have 
mostly the older but larger plants. As more recruits came in, most quadrats would 
have more number of smaller individuals at higher density, hence the relationship 
between log length and density became less steep from Apr to Jun-99, and eventually 
became non-significant in Aug-99. Over this period of time, growth of the older 
individuals and the recruitment process would have contributed to the change in the 
length density relationship. Within this period, the plants were mostly small so space 
or other resources like light were probably not limiting. Competition would likely set 
in around September when the plants started to grow more rapidly. From September 
on, the slope of the length-density relationship became increasingly steep. 
Competition would have resulted in thinning out of plant density with some 
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individuals being able to grow faster than the others and suppressing the growth of 
the others. Finally, the remaining individuals would all grow to a large size, again 
dampening out the difference in the length density relationship during the winter in 
January and February. The process of die back would again set in, together with 
another round of recruitment, started a whole new cycle of length density 
relationship. 
The very physiological processes of growth, reproduction and die back, coupled with 
recruitment and competition, contributed dynamically to changes in the structure of 
this Sargassum siliquastrum population over time. Other parameters, mainly 
temperature, photoperiod (day length) and storms, imposed additional physical 
effects. Many other biological and physical factors may exert effects on the 
population. Ultimately, it is a combination of all these factors and how individuals of 
this population cope with them, that determine the success of this population in the 
place where it is found. 
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Fig. 2.2 S. siliquastrum. Seasonal patterns of change in mean growth of both 
haphazard and quadrat individuals from the deep water population. 
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Fig. 2.3 S. siliquastrum. Seasonal change in mean (土 S.D.) total biomass and 
mean (土 S.D.) vegetative biomass of quadrat individuals. Data in 
mean length are also given for easy comparison. 
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Fig 2.6 S. siliquastrum. Monthly mean (+S.D.) size variation among 
individuals in different quadrats. 
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Fig 2.7 S. siliquastrum. Linear regressions of plant length vs. density of 
quadrat individuals from Mar-99 to Jun-00. N=8 for all analysis. 
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Fig 2.8 S. siliquastrum. Changes in the slope of the linear relation between 
length vs density of individuals in different quadrats over time. All 
slopes which are significantly different from 0 (p<0.05) are marked 
with * . 
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Fig. 2.9 S. siliquastrum. Monthly variation of percentage of reproductive 
individuals of deep water population over time. 
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Fig 2 10 5. siliquastrum. Monthly mean (± S.D.) size variation in haphazard 
individuals from the shallow (-1 to -3m CD.) and deep (-5 to -10m 
CD.) water populations. 
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Fig. 2.11 S. siliquastrum. Monthly change in mean growth rate of 
haphazard individuals from shallow (-1 to -3m CD.) and deep (-5 
to -10m CD.) water populations. 
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Fig. 2.12 S. siliquastrum. Monthly change of percentage of reproductive 
individuals in shallow (-1 to -3m CD.) and deep (-5 to -10m C.D.) 
water populations. 









0 ~~I~I~I~I~~I~1~I~I~I~I~I~I~I~I~I~I~I~~I~I~I"""II ~I I 1 ~ I I I 
辦續表乡•oW••聊oWA备 
Month 
Fig. 2.13 Seasonal variation in mean (土 S.D.) pH and salinity of seawater 
samples from Lung Lok Shui, Tung Ping Chau. 
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Fig 2.14 Seasonal variation of mean (土 S.D.) seawater temperature in 
Lung Lok Shui, Tung Ping Chau. Data on mean length of 
shallow and deep water individuals are also presented for easy 
comparison. 
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Fig. 2.15 Seasonal variation in mean (± S.D.) nutrient concentrations of 




















































 、 ： . . 、 .
 . ； 、 . _ 〈 」 …


















































 抓 - § 


















 . 屯 
s j n o L j
 . o z
 F 
Chapter 2 Phenology p. 63 
Table 2.1 Tropical Cyclone Warning Signals of Hong Kong during the study 
period from 1998 to 2000 (The Hong Kong Observatory). 
Intensity Name Signal Issuing Cancelling Duration (hrs) 
Severe Tropical Storm PENNY 1 9-Aug-98 9-Aug-98 1610 
Severe Tropical Storm _ PENNY 一 3 9-Aug-98 lO-Aug-98 21 00 
Tropical Depression no name 1 21-Aug-98 22-Aug-98 21 50 
Tropical Depression — no name 1 12-Sep-98 13-Sep-98 34 15 
Typhoon ZEB 1 15-Oct-98 16-Oct-98 24 05 
Typhoon BABS 1 23-Oct-98 24-Oct-98 25 25 
Typhoon BABS 3 24-Oct-98 26-Oct-98 45 50 
Typhoon LEO 1 29-Apr-99 30-Apr-99 30 35 
Typhoon LEO 3 30-Apr-99 2-May-99 4 5 1 5 
Typhoon LEO 8 NE 2-May-99 2-May-99 04 00 
Typhoon LEO 3 2-May-99 2-May-99 03 15 
Typhoon MAGGIE 1 5-Jun-99 6-Jun-99 14 30 
Typhoon MAGGIE 3 6-Jun-99 7-Jun-99 10 15 
Typhoon MAGGIE 8 NW 7-Jun-99 7-Jun-99 02 15 
Typhoon ~ MAGGIE — 9 7-Jun-99 7-Jun-99 03 00 
Typhoon MAGGIE ^ ^ 8 NE 7-Jun-99 7-Jun-99 04 45 
Typhoon MAGGIE 3 7-Jun-99 7-Jun-99 04 15 
Typhoon _ MAGGIE 1 7-Jun-99 8-Jun-99 0 2 1 5 
Typhoon MAGGIE 3 8-Jun-99 8-Jun-99 13 00 
Tropical Storm no name 1 25-Jul-99 26-Jul-99 35 00 
Tropical Storm — no name 3 — 26-M-99 27-M-99 15 00 
Typhoon SAM 1 20-Aug-99 22-Aug-99 3 4 1 5 
Typhoon “ SAM 3 一 22-Aug-99 22-Aug-99 10 00 
Typhoon SAM 8 NW 22-Aug-99 22-Aug-99 07 40 
Typhoon “ SAM 8 SW 22-Aug-99 23-Aug-99 07 40 
Typhoon “ SAM 3 — 23-Aug-99 23-Aug-99 17 10 
Tropical Storm — WENDY 1 3-Sep-99 4-Sep-99 31 35 
Typhoon — YORK 1 13-Sep-99 15-Sep-99 — 47 30 
Typhoon 一 YORK 3 15-Sep-99 16-Sep-99 一 1700 
Typhoon “ YORK 8 N W ~ 16-Sep-99 16-Sep-99 02 05 
Typhoon “ YORK 9 一 16-Sep-99 16-Sep-99 0 1 2 5 
Typhoon “ YORK 10 16-Sep-99 16-Sep-99 H O P 
Typhoon “ YORK 8 S W 1 6 - S e p - 9 9 16-Sep-99 04 25 
Typhoon 一 YORK 一 3 “ 16-Sep-99 一 17-Sep-99 02 35 
Severe Tropical Storm — CAM 1 “ 24-Scp-99 一 25-Sep-99 30 00 
Severe Tropical Storm CAM 3 25-Sep-99 26-Sep-99 13 40 
Severe Tropical Storm “ CAM 8 N W ~ 26-Sep-99 26-Sep-99 06 00 
Severe Tropical Storm CAM 8 SW 26-Sep-99 26-Sep-99 02 50 
Severe Tropical Storm""“ CAM 3 26-Sep-99 26-Sep-99 01 10 
Typhoon DAN _ 1 一 5-Oct-99 一 7-Oct-99 32 50 
Typhoon 一 DAN 3 7-Oct-99 一7-Oct -99 — 10 40 
Typhoon DAN 1 7-Oct-99 一9-Oct -99 41 10 
Tropical Depression no name 3 18-Jun-OO 19-Jun-OO 04 30 
Typhoon KAI-TAK 1 6-Jul-OO 9-Jul-OO 6155 
Tropical Depression ~ no name 1 15-Jul-OO 16-Jul-OO 30 40 
Typhoon “ BILIS 1 一 23-Aug-OO 23-Aug-OO 1315 
Severe Tropical Storm MARIA 1 27-Aug-OO 29-Aug-OO 38 40 
Severe Tropical Storm ~ MARIA 1 31-Aug-OO 1-Sep-OO 15 15 
""“Severe Tropical S t o r m “ MARIA 3 1-Sep-OO 1-Sep-OO U 50 
Typhoon WUKONG 1 6-Sep-OO 7-Sep-OO 32 00 
Typhoon WUKONG 3 7-Sep-OO 9-Sep-OO 32 00 
~ S e v e r e Tropical Storm “ BEBINCA 1 4-Nov-OO 8-Nov-OO 89 00 
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Table 2.2 Pearson's product-moment correlations between physical parameters 
and length and growth of shallow and deep water S. siliquastrum 
populations. Deep water populations included individuals which were 
haphazardly measured (haphazard) and those collected from quadrats 
(quadrat). Significant correlations (p < 0.05) are given in bold. 
_ , _ , Deep Deep … Deep % of Shallow % 
： 二 二 ) ： 二 ： = 
Deep r -0 .410 -0 .452 0.380 0.436 -0.580 0.309 -0 .443 -0.414 
Temp. p 0 .129 0.121 0 .162 0.157 0.024 0.262 0.098 0.125 
N 15 13 15 12 15 15 15 15 
Shallow r -0 .130 -0.579 0.427 0.360 -0.516 0.229 -0.139 .0 .480 
Temp p 0 .657 0 .133 0.146 0.428 0.034 0.394 0.635 0.050 
N 14 8 13 7 n 16 14 17 
PH r -0 .219 0 .060 0 .252 0.525 -0.250 -0.032 -0.169 -0.007 
P 0 .432 0.852 0.365 0.097 0.350 0.907 0.546 0 .980 
N 15 12 15 n 16 16 15 16 
Salinity r Q. l lO 0.240 -0.147 -0.079 0.240 0.264 0 .150 0.060 
P 0 .696 0 .452 0.602 0.818 0.371 0.323 0.592 0.826 
N 15 12 15 n 16 16 15 16 
NH3 r -0 .372 -0.146 -0.427 -0.550 -0.082 -0 .598 -0.061 0 .202 
P 0 .171 0.649 0.112 0.08 0.763 0.014 0.829 0.454 
N 15 12 15 n 16 16 15 16 
NO2 r 0 .438 0 .393 -0.035 -0.516 0.776 0.480 0.525 0.600 
P 0 .102 0.206 0.902 0.104 < 0.001 0.060 0.044 0.014 
N 15 12 15 n 16 16 15 16 
NO3 r .0 .080 -0.263 -0.034 -0.370 0.195 0.037 -0.189 0.025 
P 0 .777 0 .409 0.905 0.262 0.470 0.892 0 .500 0.926 
N 15 12 15 n 16 16 15 16 
PO4 r 0 .150 0.115 -0.074 -0.188 0.417 0.388 0.284 0.391 
P 0 .594 0 .721 0.794 0.580 0.108 0.137 0.305 0.134 
N 15 12 15 n 16 16 15 16 
Photo- r .0 .775 -0.891 0.036 0.007 -0.781 -0.285 -0.664 -0 .474 
period p < 0 . 0 0 1 < 0 . 0 0 1 0 .882 0 .980 < 0.001 0.198 0.001 0 .022 I N I 20 I 15 I 19 I 14 I 23 I 22 I 20 I 23 
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Table 2.3 Pearson's product-moment correlations between one month antecedent 
physical parameters and length and growth of shallow and deep water 
populations of S. siliquastrum. Significant correlations (p < 0.05) are 
given in bold. 
. . _ . Deep Deep eu " cu n Deep % of Shallow % 
Deep length Deep len^h 二 二 Shal丄o: ShaUow J ofrepro-
(haphazard) (quadrat) (haphazard) ( q u a d r a t )丨肿 growth ducUon duction 
Deep r -0 .007 0.077 0.588 0.665 -0.166 0.636 -0 .106 -0.039 
Temp. p. 0 .980 0 .802 0.021 0.018 0.571 0.015 0.707 0.896 
(Ante) N 15 u 15 12 U U 15 14 
Shallow r 0 .206 -0.272 0.626 0.501 -0.139 0.435 0 .113 -0.277 
Temp p 0 .443 0.447 0.013 0.170 0.606 0.092 0.676 0 .300 
(Ante) N 16 10 15 9 16 16 16 
pH r -0 .170 0.172 0.165 0.255 -0.108 0.229 -0.338 -0.168 
(Ante) p 0 .543 0.574 0.558 0.424 0.713 0.431 0.218 0.566 
N 15 13 15 12 14 14 15 14 
Salinity r 0 .107 0 .002 -0.087 -0.389 0.338 -0.003 0.428 0 .561 
(Ante) p 0 .703 0.995 0.76 0.211 0.237 0.993 0.112 0.037 
N 15 13 15 12 U 14 15 14 
NH3 r .0.623 -0 .468 -0.456 -0.595 -0.37 -0.496 -0.393 -0.14 
(Ante) p 0 .013 0.107 0.087 0.041 0.193 0.071 0.147 0.634 
N 15 13 15 12 14 14 15 14 
NOj r 0 .431 0.294 0.024 -0.046 0.442 -0.355 0.613 0.568 
(Ante) p 0 .109 0.33 0.932 0.887 0.114 0.213 0.015 0.034 
N 15 13 15 12 14 14 15 14 
NO., r .0 .098 0 .023 0 .103 0.511 -0.297 -0.275 -0.121 -0.11 
(Ante) p 0 .727 0 .941 0.714 0.090 0.303 0.341 0.669 0.709 
N 15 u 15 n U 14 15 14 
PO4 r 0 .257 0.06 0.051 -0.158 0.34 -0.173 0.449 0.568 
(Ante) p 0.355 0.846 0.858 0.624 0.235 0.555 0.093 0.034 
N 15 13 15 12 U 14 15 14 
Photo- r .0 .516 -0.61 0 .272 0.358 -0.718 0 .069 -0.560 -0.503 
period p 0 .020 0.016 0.26 0.209 < 0.001 0.761 0.010 0.017 
(Ante) N 20 I 15 I 19 I 14 I 22 I 22 I 20 I 22 
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CHAPTER THREE 
Cost of Reproduction in Sargassum siliquastrum 
INTRODUCTION 
Reproductive effort (RE) is defined as the proportion of resources invested to 
reproduction (Bell 1980，Pianka 2000). To relate this to an individual's fitness, it is 
more important to focus on the effect of reproduction on future survival and future 
reproduction rather than on the resource allocation per se. This effect of 
reproduction is also referred to as the cost of reproduction. Though a number of this 
type of studies has been carried out in higher plants, not many have focused on algae. 
In the few that had been carried out on algae, no consistent results were obtained to 
support the existence of a cost of reproduction in algae. 
Some studies supported the existence of a cost of reproduction. Two intertidal red 
algae Ahnfeltia durvillaei and Gymnogongrus furcellatus were shown to exhibit a 
negative relationship between fecundity and survivorship (Camus 1992). In 
Gracilaria domingensis’ the growth of fertilized female individuals was 55% less 
than that of the non-fertile ones (Guimaraes et al. 1999). Norton (1977) showed that 
the vegetative branches of Sargassum muticum grew five times faster than branches 
bearing receptacles. The marked physiological decay and the subsequent senescence 
of this species after high reproductive output in early summer in north coast of Spain 
suggested the presence of a reproductive cost (Rico & Fernandez 1997). In three 
species of sympatric Sargassum in northern Gulf of California, the biomass 
allocation of vegetative (holdfast) and reproductive (receptacle) tissue represented 
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different strategies favoring either occupying local areas or distant dispersal to other 
suitable habitats. The existence of trade-off between growth and reproduction was 
then suggested (McCourt 1985). Two populations of Fucus vesiculosus growing in 
two sites with different exposure showed that smaller, exposed shore plants allocated 
more resources to reproduction than the larger plants in sheltered shore (Back et al 
1991). There were however, some studies which found reproduction in the studied 
species to be either "cost-free" or even had a positive effect on individuals. Reed 
(1987) indicated that removal of 75% of vegetative fronds of Macrocystis pyrifera 
led to a drastic decrease in sporophyll production. Bhattacharya (1985) reported that 
gametophytes and sporophytes of Chondrus crispus Stackhouse survived better than 
vegetative thalli in spring and summer. Chapman (1986) showed no relationship 
between sorus area and survival in Laminaria logricruris. Pfisher (1990) found no 
cost of reproduction in terms of resource allocation in Alaria nana. Ang (1992) 
could not detect the presence of a cost of reproduction with respect to mortality and 
longevity in Fucus distichus. 
In this chapter, monthly monitoring of the natural population and experimentally 
pruned individuals were carried out in order to evaluate the presence of cost of 
reproduction in Sargassum siliquastrum. The hypothesis being tested is that if 
reproduction imposes a cost on future survival of individuals of this species, then the 
reproductive individuals should have a higher mortality than the non-reproductive 
individuals. If there is a cost on future reproduction, then the initially reproductive 
individuals should have a lower chance of becoming reproductive, or a lower 
reproductive output in the following reproductive season than those that are initially 
non-reproductive. The growth of tagged individuals was monitored in order to 
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investigate the effect of reproduction on growth. Individuals were pruned, with the 
aim to prevent them from becoming reproductive, and thus reserve their resources to 
increase their survivorship and future reproductive output. Reproductive effort 
{sensu Bell 1980) was calculated based on the ratio between biomass of receptacles / 
total biomass as well as biomass of all annual structures above the holdfast / total 
biomass. From the results of this study，a further understanding of the life history 
strategy and reproductive resource allocation of Sargassum siliquastrum in particular, 
and algae in general, may be obtained. 
MATERIALS AND METHODS 
Resource Allocation in Sargassum siliquastrum 
To investigate the biomass allocation of reproductive and vegetative structures of 
Sargassum siliquastrum, eight quadrats were laid haphazardly within the population 
in the study site monthly from Mar-99 to Jun-00. All individuals within the quadrats 
were collected and brought back to the laboratory. Maximum length of each 
individual was measured from the base of the holdfast to the tip of the longest branch. 
Each individual was blotted dry, and the holdfast, vegetative structures and 
receptacles were separated. Wet weight of the plant parts was measured to the 
closest O.Olg by a precision balance (A&D HF3000). Dry weights of these plant 
parts were then obtained after drying them in the oven for two days at 105°C. 
Percentage reproductive biomass (= reproductive effort) was calculated as the ratio 
between the dry weight of the reproductive parts over the total dry weight 
represented in percentage. For those reproductive individuals which were large in 
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size and heavily loaded with receptacles, complete separation of all the reproductive 
structures would be logistically too difficult and time consuming. Hence, sub-
sampling was necessary. Only one branch would be chosen for receptacle biomass 
measurement. The mean percentage biomass of total reproductive and vegetative 
structures was then determined based on the proportion of the dry weight of these 
plant parts. To survey the percentage frequency of reproductive individuals in 
different size classes, data from quadrats of each month were combined as the 
density of the population was quite low during reproductive months. Individuals 
were then grouped by size according to the measured length and their reproductive 
status determined based on the presence of visible receptacles. 
Cost of Reproduction on Survival 
In order to investigate whether reproduction would impose a cost on future survival, 
individuals were haphazardly chosen, tagged, and treated through pruning. Initial 
length and initial status (reproductive or not) were recorded for each chosen 
individual before it was tagged and treated. The experimental design is shown in 
Table 3.1. Two treatments were carried out on the tagged individuals. Treatment I 
was to cut all branches of each individual just above holdfast, i.e. only holdfast was 
left. The rationale for this was to remove all the annual parts, if all parts were to be 
considered as part of the supportive reproductive structures {sensu McCourt 1985). 
Treatment II was to cut each individual at 15cm above the holdfast. This was the 
estimated minimum size before the plants would become reproductive. Both 
treatments aimed to reduce the availability of the resources in each individual so as 
to investigate how an individual would reallocate their resources to growth and 
reproduction and what would be the effect of this on their survival. A total of 140 
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individuals were haphazardly chosen for each treatment. Both treatments were 
carried out bimonthly. There were a total of six batches of individuals (140 
individuals per batch) tagged for Treatment I (Nov-98, Feb-99, Apr-99, Jun-99, Aug-
99 and Oct-99) and a total of five batches of individuals tagged for Treatment II 
(Feb-99, Apr-99, Jun-99 and Oct-99). An additional 140 individuals without any 
treatment were tagged as control at the beginning (Nov-98) of the study period. As 
there was a tremendous amount of individuals to be tagged and monitored, control 
plants were not tagged bimonthly. Instead, one set of control plants was monitored 
throughout the study period. The presence or absence of all individuals of each 
tagging group was monitored monthly. To check for tag lost as opposed to actual 
loss of tagged individuals, half of the individuals were double tagged, i.e. 70 
individuals of each tagging group were single-tagged while the others were double-
tagged. Within the double-tagged individuals, the occurrence of single tag lost was 
counted each month and this proportion was used to correct the observed percentage 
of survival of those single-tagged individuals in each monthly monitoring. Those 
individuals with both tags lost, i.e. lost of the double-tagged individuals, were 
counted directly as dead. The survival of individuals was compared by considering 
their initial reproductive status, initial size, different treatments and time of tagging. 
When considering the effect of initial size of the individuals on their future survival, 
the individuals were grouped in four size classes: < 30cm，> 3 0 - 6 0 cm, > 6 0 - 9 0 
cm and > 90 cm. The class intervals of these size classes were larger, hence fewer 
size classes, than those used in the analysis on population structure and frequency of 
reproductive individuals simply because of the smaller sample size of tagged 
individuals involved. 
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Cost of Reproduction on Growth 
In order to investigate whether reproduction will impose a cost on growth, the length 
of all individuals of control and treatment groups was also measured on-site when 
they were first tagged and at monthly interval thereafter. However, it was not always 
possible to relocate the tagged plants during each sampling, resulting in a number of 
missing data. In the end, only the initial length (length at time of tagging) and final 
length (length at the end of the experiment in Feb-00) of the control individuals and 
those subjected to different treatment at different time periods were used to evaluate 
the cost of reproduction on growth. 
Effect of Present Reproduction on Future Reproduction 
To investigate whether reproduction in one season will affect future reproduction (i.e. 
reproduction in the following year), all reproductive individuals of control and 
treatment groups which were set up from Nov-99 to Dec-99 were collected in the 
next peak reproductive season at the end of Jan-00. The fate of these individuals, 
whether they became reproductive, non-reproductive or died before the second 
reproductive season, was determined. This was then related with its initial 
reproductive status and tagging time. To answer the question on whether the 
previous reproduction would affect the reproductive output of the following year, all 
harvested individuals, including an additional collection of 50 untagged individuals 
of the natural population, were brought back to laboratory for length and biomass 
measurement. Again, length was measured from the base of the holdfast to the tip of 
the longest branch. Holdfasts and receptacles were separated from the individuals. 
Wet weight of different plant parts was measured after blotting dry and dry weight 
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was measured after drying in the oven for two days at 105®C. Reproductive effort 
(RE), which was the proportion of resources invested on reproduction, was 
determined as the proportion of biomass allocated to reproductive structures (either 
as receptacles or as receptacles including all annual vegetative supportive structures 
above the holdfast). RE among different treatment groups, including control, and 
that of the natural population were then compared. 
Statistical Analysis 
Kolmogorov-Smirnov Tests and Levene Tests were used to check the normality and 
homogeneity of the data. If the assumptions of parametric statistics cannot be met 
after different attempts at data transformation, non-parametric tests were applied 
instead. Kruskal-Wallis One Way ANOVA by Ranks (Kruskal-Wallis Test) was 
applied to test for differences in monthly reproductive allocation and variation of 
mean length among individuals over time. Wilcoxon Signed Ranks Tests were used 
to compare the difference in the reproductive allocation between smallest groups of 
reproductive and largest non-reproductive individuals. Linear regressions were used 
to assess the relationship among RE, initial length and final (harvest) length. The 
effect of previous reproduction on the fate of different groups of individuals was 
compared using Chi-square Tests. Mann-Whitney U Test was employed to compare 
the reproductive effort between initially reproductive (R) and initially non-
reproductive (NR) individuals, and between natural population and tagged control 
groups. Pattern of change in physico-chemical parameters, including photoperiod, 
water temperature, and nutrient levels (NCV，NCV，NH3, PC^') were correlated with 
changes in percentage biomass of reproductive structure among control individuals 
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using Spearman's rank order correlation. Information on the physico-chemical 
parameters was obtained from Chapter 2. 
RESULTS 
Resource Allocation in Sargassum siliquastrum 
By considering the receptacles as the only reproductive structures of the individuals, 
the mean percentage reproductive biomass of the population increased from 0.32 土 
0.28 (S.D.) % in Sep-99 to a maximum of 2.62 土 1.26%. in Jan-00 (Fig. 3.1A). 
Individuals of Sargassum siliquastrum started to become reproductive with the 
appearance of immature receptacles in Sep-99. They reached their peak reproduction 
in Jan-00 when the highest proportion of individuals (77.78% of the population, see 
Fig 2.12) became reproductive. It then dropped drastically to 0.05 土 0.09% in Feb-
00 when die back occurred. There were significant differences of percentage 
allocation of reproductive biomass over time within the reproductive period from 
Sep-99 to Feb-00 (Kruskal-Wallis test, df = 5，p < 0.01). The differences were 
mainly found between the first two months of the reproductive period (Sep-99 & 
Oct-99) and the peak months of reproduction (Dec-99 & Jan-00) and between Jan-00 
and Feb-00 (Kruskal-Wallis test, df = 1, p < 0.05). There were no significant 
differences among the percentage reproductive allocation in Sep-99, Oct-99 and 
Nov-99 and that between Dec-99 and Jan-00. 
By considering all the annual parts, i.e., all branches above the holdfast as the 
supportive structures of receptacles, the mean percentage reproductive biomass 
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dropped from 78.45 土 10.3% in Mar-99 to 68.46 土 4.3% in Apr-99 with an increase 
in the relative biomass allocation to holdfast (Fig. 3.IB). It then increased 
significantly from 73.82 ± 5.21% in May-99 to 89.91 土 5.00% in Jun-99. The peak 
was in Dec-99 at 97.56 土 1.39% before it dropped from Feb-00 to its lowest in Apr-
00 at 61.2 土 4.93%. It then increased through May-00 to 89.72 土 8.73% in Jun-00. 
There were significant differences in the mean percentage biomass of the 
reproductive structures over time (Kruskal-Wallis test, df = 14，p < 0.01) except 
among the months when receptacles appeared from Aug-99 to Feb-00, and from Apr-
99 to May-99 and Mar-OO to Apr-00 after the dieback period. The general patterns 
shown in Figs 3.2A and 3.2B indicated that the individuals allocated increasing 
amount of resources to receptacles during the reproductive months while relatively 
more was allocated to holdfast in spring when they were in their smallest sizes (see 
also Fig 2.1). Results of Kruskal-Wallis test indicated that the mean absolute 
biomass of the holdfast was significantly different over time (df = 14, p < 0.01). The 
largest mean biomass of the holdfast was found in Mar-99 at 1.32 土 0.96 g / 
individual and in Mar-OO at 0.52 土 0.64 g / individual. 
Fig 3.3 shows the mean size of reproductive and non-reproductive individuals 
sampled haphazardly throughout the reproductive period from Sep-99 to Feb-00. 
During this period, the reproductive individuals were generally larger than the non-
reproductive individuals. The mean lengths of reproductive individuals in all months 
were significantly greater than those of the non-reproductive individuals (Wilcoxon 
Signed Ranks Test, n = 6，p < 0.05). The mean length of both reproductive and non-
reproductive individuals were significantly different over different months (Kruskal-
Wallis test, df = 5, p < 0.01). 
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Throughout the reproductive season except in Dec-99, none of the individuals that 
was less than 40cm in size became reproductive (Fig. 3.3). In Sep-99 and Oct-99 
when no individuals were longer than 80 cm, receptacles were only found among 
individuals in size classes > 40-60 cm and > 60-80 cm and higher proportion of 
reproductive individuals was found in the larger size class. In Nov-99 when the 
individuals had grown to over 100 cm in size, all became reproductive. In Dec-99, 
just one month before the peak reproductive month in January, individuals in smaller 
size classes also became reproductive. Though there were large individuals over 100 
cm which were still non-reproductive in Dec-99 and Jan-00, all of these individuals 
became reproductive in Feb-00 before dying back. The minimum size of plants 
becoming reproductive in different months was 47 cm in Sep-99, 44.5 cm in Oct-99, 
65 cm in Nov-99, 35 cm in Dec-99, 43 cm in Jan-00 and 69 cm in Feb-00. These 
results indicated that a minimum size must be reached by the individuals in order to 
initiate reproduction. 
There is no significant difference in mean percentage biomass of receptacles between 
the smallest and the largest reproductive individuals in all quadrats from Sep-99 to 
Feb-00 (Fig. 3.4) and with the average of all reproductive individuals in all quadrats 
(Fig. 3.1A) (Wilcoxon Signed Ranks Test, p > 0.05). This indicates that the amount 
of resources allocated to receptacles among individuals is independent of size. 
There were strong significant negative correlations between photoperiod and changes 
in percentage biomass of receptacles over time (Spearman's rank test, n = 15, r = -
0.83，p < 0.01)，and photoperiod and percentage biomass of all supporting 
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reproductive structures (Spearman's rank test, n = 15, r = -0.61, p < 0.05) (Table 3.2). 
No other physical parameters, including water temperature and nutrient levels and 
their one month antecedent data, showed significant correlation with changes in the 
biomass allocation of reproductive structures over time (Table 3.2). 
Cost of Reproduction on Survival 
Double tags were used on half of the individuals of each tagging group to check 
against tag lost. The percentage of single tag lost of each tagging group was counted 
each month and the survival data were corrected based on the percentage lost of 
single tag each month. Tag lost was not a serious problem. The maximum 
percentage tag lost in different tagging groups are 2% in tagged control group, 3.85% 
in Feb-99 tagging group, 8.91% in Apr-99, 1.47% in Jun-99, 0.99% in Aug-99 and 
1.1% in Oct-99 tagging group. 
In order to assess the effect of reproduction on survival of the individuals, survival 
curves of tagged control individuals (tagged without cutting any plant parts), 
Treatment I (tagged with cutting of branches leaving only holdfasts) and Treatment 
II individuals (tagged and cut at 15 cm above holdfasts) were plotted by grouping the 
individuals based on whether they were reproductive or non-reproductive at the time 
of tagging. The non-reproductive individuals of the tagged control group survived 
slightly better initially from Sep-98 to Mar-99 (Fig. 3.5). But the initially 
reproductive individuals in turn survived better after May-99 through to the second 
reproductive season. Both groups finally reached a similar percentage of survival in 
Feb-00 (18.18% for the initially reproductive group and 16.53% for the initially non-
reproductive group). Plotting the logarithm of the percentage of survival against 
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month, both groups of individuals exhibited basically a type II survival curve. This 
indicated that mortality was more or less constant over time. 
As reproductive individuals appeared only during the reproductive season from 
September to February, comparison of percentage survival between initially 
reproductive or non-reproductive individuals could only be made among groups of 
individuals tagged in Nov-98, Feb-99 and Oct-99 for Treatment I (Fig. 3.6A) and 
between groups in Feb-99 and Oct-99 for Treatment II (Fig. 3.6B). 
Within Treatment I tagging groups, the initially reproductive individuals tagged in 
Nov-98 survived better than the non-reproductive individuals in all months except 
Dec-98. They all died by Sep-99 while the initially non-reproductive individuals all 
died earlier by Jul-99 (Fig 3.7A). The initially reproductive individuals tagged in 
Feb-99 also survived better than the non-reproductive ones from Mar-99 to May-99. 
However, they experienced a sharp drop in survival from May to Aug-99. They all 
died by Nov-99. The non-reproductive group survived better after May-99. They 
also survived longer till Jan-00. For individuals tagged in Oct-99, those which were 
initially non-reproductive survived slightly better in all months than the initially 
reproductive individuals from Oct-99 to Feb-00. 
Within Treatment II tagging groups, those reproductive individuals tagged in Feb-99 
survived better initially. However, both reproductive and non-reproductive 
individuals reached very similar percentages of survival at 17.76% and 15.38% 
respectively in Feb-00 (Fig. 3.6B). For those tagged in Oct-99, no distinct difference 
in the survival trend was exhibited by both the initially reproductive or non-
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reproductive individuals. Both groups also reached similar percentages of survival at 
46.43% and 48.57% respectively in Feb-00. 
Comparing the survival of Treatment I vs Treatment II individuals, those which were 
cut at 15 cm above the holdfasts (Treatment II) exhibited a higher percentage of 
survival than those which were cut to the holdfast (Treatment I). Treatment I 
individuals had a higher mortality rate and almost all of them died before the end of 
the experiment in Feb-00 (Figs. 3.7A，3.7B). 
Individuals tagged at different periods and subjected to different treatments also 
exhibited slightly different types of survival curve over time. Most groups, including 
those NR individuals tagged in Feb-99, Apr-99, Jan-99 and Aug-99, generally 
exhibited a type II survival curve (Fig. 3.6). However, some exhibited closer to a 
type I curve where survival was high in the initial few months after tagging, but a 
higher mortality was exhibited thereafter. Groups of tagged individuals exhibiting 
this phenomenon included the reproductive individuals tagged in Feb-99 (Treatment 
I) and those tagged in Jun-99 to Oct-99 (both treatments). 
Other than the initial reproductive status, the initial size of the control and treatment 
individuals could also affect their survival as the initial size may indirectly reflect the 
resources available for each individual. The survival curves of control individuals in 
different size classes showed a similar pattern (Fig 3.8). Though the smallest size 
class (< 30 cm) showed a lower percentage of survival than the other classes 
throughout the study period from Sep-98 to Jan-00, all individuals in three size 
classes of < 30 cm, > 3 0 - 6 0 cm, > 6 0 - 9 0 cm dropped to very similar percentage of 
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survival in Feb-00 at 14%, 20% and 14.29% respectively. The survival curve of 
treatment individuals grouped in different size classes showed that no obvious or 
consistent pattern of survival could be related to the initial size of the tagged 
individuals subject to different treatments at different times (Fig. 3.8). While the 
smallest size class (< 30 cm) of Treatment I individuals tagged in Nov-99 exhibited a 
high mortality immediately after tagging (Fig. 3.8A), such was not the case for all the 
other size classes tagged at different times. For some cases, individuals in the 
smaller size classes tended to survive better than those in the larger size classes. 
Individuals in the size class of > 30 - 60 cm tagged in Feb-99 survived better than 
individuals in the largest size class of > 90 cm. Individuals in the smallest size class 
(< 30 cm) tagged in Oct-99 also survived better than those in the larger size class ( > 
60 - 90 cm). By comparing individuals belonging to the same size class but tagged 
at different times, the patterns of their survival curve were very similar. Treatment II 
individuals in different size classes tagged at different periods all exhibited very 
similar survival patterns (Fig. 3.8B). In a few cases, for example individuals tagged 
in Feb-99 or Aug-99, those in larger size classes survived better than those in the 
smaller size class. However, the reverse may be true in other cases, e.g. smaller size 
class individuals tagged in Oct-99 survived better. In general, the pattern of the 
survival curve indicated that the mortality rate was constant over time. 
When both the initial reproductive status and size classes of tagged individuals were 
considered (Figs. 3.10，3.11)，no distinct difference in the pattern of survival among 
those different groups of individuals was discernible. Among tagged control 
individuals, only individuals in size class > 30 - 60 cm or larger were found to be 
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reproductive. Non-reproductive individuals in this size class tended to exhibit a 
higher survival rate than the reproductive individuals. 
For Treatment I individuals (Fig. 3.9), those tagged in Nov-98 belonging to size class 
> 3 0 - 6 0 cm, which were initially reproductive, tended to survive better than those 
which were initially non-reproductive. The reverse was true for those in size class > 
90 cm. For those tagged in Feb-99, the initially reproductive individuals of size class 
> 90 cm survived better than their non-reproductive counterparts. For those tagged 
in Oct-99, survival pattern of members of size class > 60 - 90 cm was similar 
irrespective of whether they were initially reproductive or non-reproductive. 
However, in the end, the reproductive individuals survived slightly better than the 
non-reproductive ones. 
There was no obvious difference in the survival pattern among Treatment II 
individuals in different size classes and initial reproductive conditions except in those 
tagged in Oct-99, where reproductive individuals of size class > 6 0 - 9 0 cm survived 
better than the non-reproductive ones (Fig. 3.10). 
Cost of Reproduction on Growth 
Not all tagged individuals were monitored monthly for their size changes. Hence the 
cost of reproduction on the monthly growth of the individuals cannot be assessed. 
However, the effect of reproduction on growth may be expressed in terms of the 
relationships between the initial length and the final length of the individuals at the 
end of the experiment (Fig. 3.11). Regressions were run and only the initially 
reproductive individuals in tagged control group and those tagged in Feb-99 
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(Treatment II) showed a significant linear relation between the initial length and the 
final length of the individuals (Linear Regression for Nov-98 tagged control group of 
initially reproductive individuals, p < 0.05，r^  = 0.504，y = 1.68x - 1.43; for Feb-99 
tagged initially reproductive individuals, p < 0.05, r^  = 0.283, y = 45.5 + 0.36x). The 
significant relation indicated that the smaller reproductive plants (smaller initial 
length) would still be small in size while the larger reproductive plants (larger initial 
length) would still be large in size in the following reproductive season. There is 
also no significant difference in the mean final length of control or treatment 
individuals that were either reproductive or non-reproductive in the previous year. 
Reproduction did not appear to have a significant effect on the growth of the 
individuals. 
Effect of Present Reproduction on Future Reproduction 
Among the tagged control individuals, 36.6% of those that were initially 
reproductive were dead before the next reproductive season, 45.5% of them became 
reproductive and the remaining 18.2% became non-reproductive (Fig.3.12). For 
those which were initially non-reproductive, 49.1% were dead before the next 
reproductive season, 38.7% of them became reproductive and the remaining 12.3% 
remained non-reproductive. 
The fates of treatment individuals are shown in Figs. 3.14 and 3.15. Among the 
initially reproductive individuals, those in Treatment I had a very high percentage of 
mortality (Fig. 3.13). All of those tagged in Nov-98 and 98% of those tagged in Feb-
99 died before reaching the reproductive season of the following year. However, all 
of those tagged in Oct-99 survived but did not become reproductive in Feb-00. 
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Among the initially reproductive individuals under Treatment II，63.6% of those 
tagged in Feb-99 died. This is much higher than that of the control individuals 
(36.36%). All of those cut in Oct-99 survived, and 46.4% of them became 
reproductive in Feb-00. 
When the fates of initially non-reproductive individuals tagged at different times 
under different treatments were compared, some patterns could be observed (Fig. 
3.14). Among initially NR individuals under Treatment I，individuals tagged in Nov-
98 suffered 100% mortality and none of them reached the next reproductive season. 
The percentage of mortality progressively declined to only 6.52% for those 
individuals tagged in Aug-99. All those tagged in Oct-99 survived. However, except 
for 4.35% of the individuals tagged in Feb-99 that became reproductive, none of the 
surviving individuals tagged at a later period became reproductive. Among 
Treatment II initially NR individuals, the percentage of mortality dropped from 
69.2% among those tagged in Feb-99 to only 2.13% among those tagged in Aug-99. 
Again, all those tagged in Oct-99 survived. In contrast, a higher proportion of the 
surviving individuals became reproductive in Feb-00. An increasing percentage of 
individuals tagged in Feb-99 to Jun-99 became reproductive, with the highest 
proportion of reproductive plants recorded for individuals tagged in Jun-99. But the 
percentage decreased thereafter, with increasing number of individuals tagged at a 
latter period failing to become reproductive in Feb-00. 
The fates of the surviving control and treatment individuals are summarized in Table 
3.3. These fates could be grouped into four categories: first year reproductive 
second year reproductive (R-R), first year reproductive — second year non-
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reproductive (R-NR), first year non-reproductive -> second year reproductive (NR-R) 
and first year non-reproductive — second year non-reproductive (NR-NR). As only 
very few Treatment I individuals survived to become reproductive till the end of the 
experiment, no further analysis was carried out on these individuals. 
If present reproduction has no effect on future reproduction of the individuals, there 
should be a 50% chance for an individual to become reproductive, irrespective of 
whether it is initially reproductive or not. A contingency table analysis was carried 
out to compare the actual fate of the tagged control individuals to the expected 
frequency of these fates if present reproduction has no cost on future reproduction 
(Table 3.3). Results of the Chi-square test indicated that the actual fates of tagged 
individuals are significantly different from the expected (df = 3，p = 0.015), 
suggesting that present reproduction exerted some effect on future reproduction. 
Further comparison was carried out between year R individuals and 1®' year NR 
individuals. Results of Chi-square test indicated that there is no significant 
difference between the fates of these two groups of individuals (df = 1, p > 0.05). 
About 75% of the surviving individuals became reproductive, irrespectively of 
whether they were reproductive or not in the previous year. Similar results were 
obtained for Treatment II individuals tagged in Feb-99. There is a significant 
difference between the fates of these individuals when compared with the expected 
(df = 3, p = 0.018)，but there is no significant difference between the fates of r ' year 
R and NR individuals (df = 1, p > 0.05). Results of Chi-square tests for initially non-
reproductive individuals tagged in Apr-99 and Jun-99 indicated that they had an 
equal chance of being reproductive or remained non-reproductive in the following 
reproductive season (df = 1, p > 0.05). For those tagged in Aug-99 and Oct-99 
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however, significantly more of them remained non-reproductive than reproductive 
(Chi-square test, df = 1，p < 0.05)，but initially reproductive individuals tagged in 
October had the equal chance to become reproductive or non-reproductive by Feb-00 
(Chi-square test, df = 1，p > 0.05). 
In order to assess the effect of reproduction on future reproductive output, 
reproductive efforts (RE) were calculated on individuals harvested at the end of the 
experiment (Feb-00). Individuals from natural population (no tags) were collected at 
the same time during the final harvest of all tagged individuals. Mean RE of the 
individuals from the natural population and from the tagged control group were 
compared (Fig. 3.15) and no significant difference in the RE between the two groups, 
calculated in either way, was detected (Mann-Whitney U test, p > 0.05). 
The mean RE, calculated by biomass of receptacles / total biomass, of initially non-
reproductive and reproductive individuals were respectively 1.7 土 2.0 (S.D.) % and 
1.4 土 1.0% for tagged control group, 6.4 土 2.0 and 7.4 土 20% for individuals tagged 
in Feb-99, 4.5 土 3.0% and 2.0 土 3.0% in Oct-99 tagging group (Fig. 3.16A). Mann-
Whitney U test showed that there is no significant difference in the final RE between 
initially reproductive and initially non-reproductive individuals (p > 0.05) except for 
those tagged in Feb-99 where final RE of initially reproductive individuals is 
significantly higher than that of the initially non-reproductive individuals. There are 
significant differences in the final RE among initially non-reproductive individuals 
(Kruskal-Wallis test, p < 0.05) but no significant difference in the final RE among 
initially reproductive individuals tagged at different treatment periods and those 
tagged as control (Kruskal-Wallis test, p > 0.05). 
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When RE was calculated as biomass of receptacle and all supporting annual 
structures / total biomass, then no significant difference in the final RE was detected 
between initially reproductive and non-reproductive tagged control individuals, those 
tagged in Feb-99 and Oct-99 (Mann-Whitney U test, p > 0.05) (Fig. 3.16B). There is 
no significant difference in the final RE among initially non-reproductive individuals 
in the control and those tagged at different treatment periods (Kruskal- Wallis test, p 
> 0.05). There are no significance differences in the final RE between initially 
reproductive individuals tagged in Feb-99 and Oct-99 and between those tagged as 
control and those tagged in Oct-99 (Mann-Whitney U test, p > 0.05). There is 
however significant difference in the final RE between those tagged as control and 
those tagged in Feb-99 (Mann-Whitney U test, p < 0.05). 
DISCUSSIONS 
Resource Allocation in Sargassum siliquastrum 
One way to evaluate the cost of reproduction is to examine the resources being 
allocated to reproduction by an organism. This has been simply defined as the 
reproductive effort (RE) {sensu Bell 1980). However, there has been a number of 
discussions on how these resources could be or should be measured. One major 
argument is what currency should be used to measure RE. Carbon (biomass) 
allocation was commonly discussed as the best currency to be used as energy is 
assimilated and stored as carbon compounds and organic carbon compounds form the 
major dry weight of plants and animals. However, it was suggested that biomass or 
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carbon allocation could not represent the allocation of mineral elements 
(Abrahamson & Caswell 1982). Reekie & Bazzaz (1987) showed that carbon tends 
to reflect the distribution of other nutrients and therefore it is an appropriate currency 
to assess allocation patterns. Though reproductive effort can be assessed as a 
proportion of reproductive biomass over the total biomass, there are still difficulties 
to compare results from different studies. This is due to differences in the 
interpretations on which structure should be considered as part of reproductive 
biomass and how these structures should be quantified. Thompson & Stewart (1981) 
recognized that some studies considered only the weight of gametes as investment 
into reproduction, whereas others also considered the supporting structures. Vernet 
& Harper (1980) measured the biomass of eggs of Fucus spp. in North Wales and 
found that it was only 0.1 to 0.4% of the total plant weight. Klinger (1984) reported 
a mean soral surface area to vegetative area of 13.2 to 31.7% in Laminaria ephemera, 
and 1.28 to 30.48% in L. setchellii from Vancouver Island, B.C. The receptacle 
biomass to total biomass ratio of 10 to 29% was recorded in Ascophyllum nodosum 
from south-eastern Canada (Cousens 1986), 11 to 23% in Fucus vesiculosus from the 
Gulf of Finland (Back et al. 1991)，12.7% in F. distichus from NE Pacific (Ang 
1992a) and 22% in F. spiralis from NW Atlantic (Robertson 1987). McCourt (1985) 
measured the vegetative reproductive investment of three species of Sargassum as 
the proportion of the plant thallus over the holdfast. Receptacle volume and density 
were also measured for comparison. 
In this study, seasonal variation of reproductive biomass allocation in Sargassum 
siliquastrum was measured both in terms of the proportion of biomass of the 
receptacles alone and in terms of all the annual parts of the plant (Fig. 3.1). For the 
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former, a maximum average of 2.62 ± 1.26% of the total plant weight was allocated 
to the production of receptacles when the individuals were mature, reaching a peak 
percentage of reproduction in Jan-00. This percentage of allocation is far lower than 
that of the other algal species studied and mentioned above. However, as die back 
occurs year by year for most Sargassum spp. and all the erect branches, including the 
receptacles, have to be regenerated anew, it may be argued that only the holdfasts are 
the vegetative structures while all the erect branches are developed each year mainly 
to support the formation of the receptacles. In which case, it could further be argued 
that all the annual parts should be considered as supporting reproductive structures 
and should be included in the calculation of reproductive resource allocation 
(McCourt 1985). Following this argument, a maximum average of 97.6 土 1.39% of 
all the biomass in Sargassum siliquastrum in this present study was found to be 
reproductive biomass. The relatively high proportion of holdfast biomass from 
March to June in both 1999 and 2000 (Fig. 3.1B) was partly due to the low amount 
of annual branches present in these plants as they were only starting to regenerate 
from the holdfast after die back. There were, however, some real differences in the 
biomass of the holdfasts; they were heaviest in March. While no attempt was made 
to measure the chemical constituents of the holdfasts, it is possible that a high 
amount of storage products may be present in the holdfast during this period to serve 
as a source of energy for the regeneration process. Presence of storage energy to 
initiate a new cycle of growth has been shown in other algal species like Laminaria 
groenlandica (Harrison et al 1986). As the new annual branches continue to grow， 
these branches themselves would be able to generate and synthesize the resources 
needed for further growth as well as for the development of receptacles. By this time, 
the holdfasts would cease to be the source of resources for the growth of the whole 
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plant but would simply be an organ for attachment. Holdfasts remained a very small 
proportion of the total biomass (< 5%) for most part of the year. Such being the case, 
it would be difficult to draw a distinct line as to which part of the plant is really 
vegetative and which reproductive as the annual parts, once initiated, would become 
self-supporting and would no longer depend on the holdfast as a source of energy for 
further growth. This is in contrast to the condition in many higher plants where 
flowers and fruits are non-photosynthetic, hence their growth and development are 
dependent on energy provided by other parts of the plants. In which case, there is a 
clear distinction between "source" and "sink" of energy, and a clearer line may be 
drawn between the vegetative part as the "source" and the reproductive part as the 
"sink" of this energy. 
De Wreede and Klinger (1988) extended the argument to the reproductive structures 
of many algae as many of them, like the receptacles of Sargassum and son of 
Laminaria, are photosynthetic as well. They should therefore be able to provide 
some of the energy needed for their own growth and development. However, before 
these reproductive structures are formed or initiated, is there a minimum size of the 
algal thallus needed in order to provide the necessary energy for this shift in resource 
allocation? In other words, is there is a minimum size requirement for the 
individuals to become reproductive? This is an assumption of the presence of a 
resource trade-off such that an organism must attain a certain size in order to begin 
reproduction (DeWreede & Klinger 1988，Bazzaz 1997). McCourt (1985) found the 
fertile stipes of three species of Sargassum to be significantly longer than the non-
fertile stipes. Ang (1991a) also found a minimum size in Fucus distichus before the 
plant would bear receptacles. In the present study, the mean size of reproductive 
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individuals of Sargassum siliquastrum was significantly larger than that of the non-
reproductive individuals during the reproductive months from Sep-99 to Feb-00 (Fig. 
3.2). In other words, greater proportion of larger plants was becoming reproductive. 
This was shown more clearly by investigating the percentage frequency of 
reproductive individuals in different size classes (Fig. 3.3). At the beginning of the 
reproductive season, receptacles appeared only on individuals in size classes over 40 
cm in length. Most of these plants grew larger to belong to size classes from 60 to 
over 100 cm in length in Nov-99. However, when the peak month of reproduction 
was approaching in Dec-99 to Jan-00, an increasing number of individuals in size 
class > 40 to 60 cm became reproductive. A small proportion of individuals in size 
class > 20 to 40 cm was also found to be reproductive in Dec-99. But this represented 
only an individual 35 cm in length. Most of the individuals below 40 cm in size did 
not become reproductive, suggesting that there is a minimum size for this species to 
reproduce and this should fall within the range of 35 to 40 cm in size. In Dec-99 and 
Jan-00, a large proportion of individuals in size classes > 80 to 100 cm and > 100 cm 
remained non-reproductive. These represented individuals that grew rapidly into 
these size classes during this time. Eventually, all of those greater than 100 cm in 
size became reproductive in Feb-00 before die back, but some of those in size classes 
below 100 cm and above the minimum size of 40 cm never became reproductive 
throughout the whole reproductive season. The continuous growth of the individuals 
to attain as large a size as possible before becoming reproductive may be a strategy 
to provide a better dispersal shadow for their germlings. 
Samson & Werk (1986) suggested that much of the variation in reproductive effort 
may be due to size. As reviewed by Bazzaz (1997), previous studies in higher plants 
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assumed that after the attainment of the minimum size, the relationship between size 
and reproductive output is positive and linear. There is no doubt that in an absolute 
sense the larger Sargassum plants would produce a greater amount of reproductive 
materials than the smaller plants. However, the evidence obtained in this study 
indicated that proportionately, small or large plants all allocated about the same 
amount of their biomass to receptacles. There was no difference in the mean 
percentage biomass of the receptacles between the smallest and largest reproductive 
individuals (Fig. 3.4). The smaller plants, which were presumably younger and did 
not have previous reproductive history, apparently did not invest more resources into 
reproduction by increasing the proportion of their receptacle biomass than did the 
larger plants. This suggests that not only was there a minimum size needed before 
the plant would become reproductive, there may also be a minimum unit of biomass 
needed to support a unit of receptacle biomass such that resource allocation becomes 
independent of size once the individuals attain the minimum size to reproduce. 
While the receptacles themselves are photosynthetic, and putatively are able to 
provide their own energy for development, this is apparently not enough. External 
sources of energy may still be needed from the surrounding non-receptacular 
branches. In which case, these non-receptacular branches may be serving the role of 
the vegetative parts shown in higher plants discussed above. 
None of the physico-chemical parameters investigated, except photoperiod, showed 
any correlation with changes in the mean percentage of receptacle biomass over time. 
This suggests that external factors do not have a direct effect on receptacle biomass 
formation, further supporting the argument that receptacle biomass depends on the 
surrounding non-receptacular biomass for sources of their energy, rather than 
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providing enough of their own energy. The negative correlation between 
photoperiod and changes in mean percentage of receptacle biomass suggests that the 
amount of daylight, presumably solar energy for photosynthesis, was not critical for 
the receptacle biomass. This further suggests the dependence of receptacles on the 
surrounding biomass. Photoperiod, which is more predictable than many other 
environmental parameters, may be more important to provide an environmental cue 
for receptacles to form. 
All the non-reproductive and reproductive individuals died back in Feb-00. It is not 
clear why some of these individuals never became reproductive. Nonetheless, the 
presence of these non-reproductive individuals provided an opportunity to compare 
their future fates with those that became reproductive. The question raised was 
whether these non-reproductive individuals would survive, grow or reproduce better 
than the reproductive individuals in the following season. In other words, is there a 
cost of reproduction on survival, growth or future reproduction? 
Cost of Reproduction 
The removal of all plant parts in Treatment I，leaving only the holdfast, was an 
attempt to isolate the holdfast as the only vegetative biomass in the whole plant. The 
growth habit of Sargassum siliquastrum, as is true for many other Sargassum species, 
is that new annual shoots or branches emerge from the holdfast before the current 
annual parts die back completely. In a way, this is a strategy for the plant to have a 
head start in growth in the next season. Removal of all these annual branches 
provided the opportunity to examine the ability of the holdfast alone to regenerate 
new shoots at different times of the year. This also removed presumably the 
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"historical effect" of the previous year's growth and reproduction. In Treatment II， 
where plants were cut at around 15cm above the holdfast, some of the new annual 
shoots would not have been damaged or removed. Some "historical effect" from the 
previous year would have been left with the plant. But nonetheless, the assumption 
was that there was a minimum size to reproduction. Reducing the plant to a smaller 
size would have prevented it from becoming reproductive. Rather than allowing 
individuals treated at different times to continue to grow for equal amount of time, all 
experiments were terminated in Feb-00, the end of the reproductive season, in order 
that the effect of various treatments on future reproduction could be evaluated. 
If reproduction has a cost on survival of the individual, then reproductive individuals 
should experience a higher rate of mortality than the non-reproductive individuals. 
There is however no strong evidence to support the existence of such a cost of 
reproduction on the survival of Sargassum siliquastrum individuals in this present 
study. From the results of the tagged control and treatment experiments, there was 
no significant difference in the fate of the initially reproductive and non-reproductive 
individuals. In fact, some initially reproductive individuals appeared to survive 
better than the initially non-reproductive individuals (Fig. 3.5). Even among the 
treatment groups, some initially reproductive individuals (e.g. Nov-98 tagging group 
of Treatment I and Feb-99 tagging group of Treatment II) also survived better than 
the initially non-reproductive individuals (Fig. 3.6). An individual was counted as 
dead only when the whole plant was lost, presumably detached from the substratum. 
Ang (1992a) identified two levels of mortality in Fucus distichus: mortality of the 
modules (branches) vs that of the whole plant. He explained that the difficulties to 
detect a cost of reproduction on survival may be related to this modular character of 
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the plant. This may be true for Sargassum siliquastrum as well. Even if the decay of 
an individual fertile branch occurred during die back, it may not have an immediate 
effect on the mortality of the whole plant (i.e. the holdfast). During or after the 
decay of fertile branches, any mortality of the whole plant may be due to factors 
unrelated to reproduction. These factors may exert similar pressure on both 
reproductive and non-reproductive plants. Holdfasts of Sargassum siliquastrum are 
more persistent than their highly dynamic branches. As shown by individuals 
subjected to Treatments I and II，holdfasts could still survive when the erect branches 
were removed or cut and they could also continuously support the growth of new 
secondary lateral branches. Though the mean size of reproductive plants were larger 
than the non-reproductive plants and the survival of individuals in different size 
classes of the same initial reproductive status showed that larger plants survived 
slightly better than the smaller plants (Fig. 3.9A), there was no distinct or consistent 
effect of size on the survival of the individuals. This suggests that size is not one of 
the factors affecting the survival of S. siliquastrum individuals in this present study. 
Individuals subjected to Treatment I suffered the greatest mortality. In many cases, 
greater mortality was experienced right after treatment. This may suggest some 
treatment effect or treatment induced mortality. On the other hand, it is also possible 
that it is difficult for holdfast to survive as holdfast alone. Holdfasts alone may not 
be able to generate enough energy to support themselves without some additional 
resources from the lateral branches. This may be particularly true at different times 
of the year when the stored nutrients or energy in the holdfast were low. This in one 
way casts doubt on whether the holdfast alone should be considered as the 
"vegetative" part of the plant. 
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The effect of growth on reproduction and reproduction on growth had been 
demonstrated in some previous studies. The effect of reproduction on growth of 
tagged control and treated individuals in this present study was assessed indirectly 
through the relationship between the initial and final lengths of the reproductive and 
non-reproductive individuals. If there is a cost of reproduction on growth, then the 
final length of the initially reproductive individuals should be smaller than that of the 
initially non-reproductive individuals. If the initial length of the plant has no effect 
on its final length, then all initially non-reproductive plants should be larger than the 
initially reproductive plants in the following season. On the other hand, if initial 
length has a positive effect on the final length of the individuals, then the slope 
between the initial and final length of initially non-reproductive individuals should 
be positive and much steeper than that of the initially reproductive individuals. The 
reverse would be true if the initial length has a negative effect. The results from this 
present study indicate that only initially reproductive individuals of tagged control 
and those tagged in Feb-99 (Treatment II) showed a significant correlation between 
their initial and final lengths. This means that smaller reproductive plants in the 
previous year (small initial length) would tend to remain as small plants while larger 
reproductive plants would tend to grow as large plants in the following year. As 
plant size reflects the amount of resources available to the individuals, larger plants 
should therefore have more resources than the smaller plants. Though larger 
individuals would have allocated energy to reproduction during the reproductive 
season, they are likely to have enough energy to initiate the growth of small new 
shoots from the holdfast for next year development before die back. The plants 
therefore could grow faster (due to the growth of the new shoots) to larger size in the 
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following year. On the other hand for smaller plants, as energy is allocated to 
reproduction there would not be enough extra energy for new shoot initiation. These 
smaller plants would therefore remain small in the following year as it will take them 
a little longer to initiate any new shoots for next year's growth. This "trade-off of 
limiting resources may be happening only during the reproductive season. As 
initially non-reproductive plants could also initiate new shoots before die back even 
if they were small, their future size becomes independent of their initial size. This 
could explain why significant relations were detected only between initial and final 
lengths of initially reproductive individuals in tagged control group tagged in Nov-98 
and those Treatment II individuals tagged in Feb-99 but not in those tagged after the 
reproductive period or those which were initially non-reproductive. This could also 
explain why some of the reproductive individuals survived better than the non-
reproductive individuals. Although many previous studies have shown the negative 
effect of reproduction on growth (Dion & Delepine 1983, McCourt 1984a, Ang 
1991a, 1991b), the results from this present study do not indicate a direct cost of 
reproduction on growth per se, but rather suggest that there may be some trade-off in 
the resource allocation with larger plants being able to cope with the demand of 
reproduction, growth and survival much better than the smaller plants. 
Actual fate of tagged control individuals were tested against the expected fate if 
present reproduction imposes no cost on future reproduction. The significant 
difference between the two indicated that the present reproduction of Sargassum 
siliquastrum individuals does affect their future reproduction in some way. However, 
when the initially reproductive individuals were tested against the non-reproductive 
individuals, there was no significant difference. This means that irrespective of 
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whether an individual was reproductive or not, it will invest more to become 
reproductive in the subsequent reproductive season. Therefore, larger proportion of 
individuals would always become reproductive in every reproductive season. 
Similar results were found in individuals subjected to Treatment II tagged in Feb-99. 
However, for non-reproductive individuals tagged in the latter period, they either 
showed an equal chance of becoming reproductive or non-reproductive, and those 
tagged in Aug-99 and Oct-99 even showed a significantly greater chance to remain 
non-reproductive. The inability for many of these individuals to become 
reproductive may be related to a lack of time for them to grow beyond the minimum 
size required for reproduction. This suggests that although reproduction must be an 
important life history function of an individual, there is a minimum condition for this 
to happen. This also suggests the importance of external factors in affecting 
reproduction mediated through the effect on growth and on attaining a critical size. 
The presence of a fecundity cost, i.e. effect of present reproduction on future 
reproductive output, was evaluated by comparing the reproductive output of the 
initially reproductive and non-reproductive individuals in the tagged control group, 
Feb-99 tagging group (Treatment II) and the Oct-99 tagging group (Treatment II). If 
reproduction imposes a cost, the future reproductive output, measured as 
reproductive effort (RE), of the initially reproductive individuals should be lower 
than that of the initially non-reproductive individuals. However, the results from this 
study indicated that there is no significant difference in RE (both receptacle biomass 
/ total biomass & all above holdfast / total biomass) between initially reproductive 
and non-reproductive individuals in the tagged control group. Among individuals 
tagged in Feb-99 (Treatment II)，the RE (in terms of receptacle biomass) of initially 
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reproductive individuals was even significantly higher than that of the initially non-
reproductive individuals. This suggests that the future reproductive output is 
independent of the present reproductive history of the individuals. Regression 
analysis (data not shown) relating the initial and final sizes of the individuals to final 
reproductive effort also showed no distinct trend on the effect of size on reproductive 
output. RE of natural population (untagged individuals) was not found to be 
significantly different from that of the tagged control individuals, suggesting that 
tagging had not induced any significant stress on the individuals that would result in 
any deviation from the actual situation. Although only one tagged control group was 
set-up for the whole study period instead of setting one for each tagging period, there 
was no reason to doubt the comparability of the fates of individuals in this control 
group with those of the experimental individuals. 
The results from this study indicated the absence of a clear cost of reproduction on 
survival, growth and future reproduction among individuals of Sargassum 
siliquastrum in Tung Ping Chau, Hong Kong. Survival, growth and reproduction 
may be more affected by external environmental conditions (discussed in Chapter 
two) rather than by the ability of the plant individual to allocate resources to serve 
different physiological requirements. Resources may still be limited, and 
photosynthetic ability of the reproductive structures in a species like Sargassum 
siliquastrum may help to reduce some of these "costs" of reproduction, making any 
attempt to evaluate these costs rather difficult. It remains that there may be other 
ways to evaluate the cost of reproduction in algae. On the other hand, external 
conditions, like those limiting growth for example, may be more imposing than the 
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internal limitation of resource allocation such that reproduction was never given the 
chance to impose any cost on the individuals. 
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Fig. 3.1 Seasonal variation mean (土S.D.) in reproductive biomass of quadrat 
individuals. A. Only receptacles were considered as reproductive 
structures. B. Only holdfasts were considered as vegetative structures. 
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Fig 3.2 Mean (+S.D.) length of reproductive and non-reproductive individuals. 
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Fig 3.3 Percentage frequency of reproductive and non-reproductive 
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Fig 3.5 Survival curve of tagged control individuals (R- reproductive, 
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Fig 3.7 Survival curve of tagged control individuals in different size classes. 
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Fig 3.8 Survival curve of A. treatment I and B. treatment II individuals in 
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tagging. Orange : Oct-99 tagging] 
Chapter 3 Cost of Reproduction p. 107 
<= 30 cm (Initial NR) 一•一 <= 30 cm (Initial R) 
>30 - 60 cm (Initial NR) • >30-60 cm (Initial R) 
— ^ >60 -90 cm (Initial NR) >60 -90 cm (Initial R) 
> 90 cm (Initial NR) > 90 cm (Initial R) 
1 -
> / / / / / / / / / / / / / / / / 
1 - m 
> • 
E 3 
I o> / / / / / / / / / / 
i c i v . . . . . o> \ . \ \ .... •3 1- .\ \ \ _ 
V \ \ \ \ v . . ^ 
\ � 
o> / / / / / / / / / / / / / / 
1 - \ \ V 
o > / / / / / / / / / / / / / / / / 
Month 
Fig 3.9 Survival curve of control and treatment I individuals. A. Tagged control, B. Nov-98 tagging, C. Feb-99 tagging, D. Oct-99 tagging 
(R- reproductive, NR- non-reproductive). 
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Fig 3.10 Survival curve of control and treatment II individuals. A. Tagged control, B. Feb-99 tagging, C. Oct-99 tagging (R- reproductive, 
NR- non-reproductive). 
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Fig. 3.11 Relationship of initial length and final length of tagged individuals 
(Control and Treatment II). 
Tagged Control: Regression line for INR individuals y=101.78-0.23x, 1^=0.021, p >0.05, 
n=22; IR individuals y=1.68x-1.43,1^=0.504, p < 0.05，n=8. 
Feb-99 Tagging: Regression line for INR individuals y=96.32+ 0.15x, r^=0.440, p>0.05, n=7; 
IR individuals y=45.5+0.36x, 1^=0.283, p>0.05，n=19. 
Apr-99 Tagging: Regression line for INR individuals y=129.21-0.56x, r2=0.032, p>0.05, n=5. 
Jun-99 Tagging: Regression line for INR individuals y=31.54+2.22x, 1^=0.088, p>0.05, n=26. 
Aug-99 Tagging: Regression line for INR individuals y=80.97-0.69x, r2=0.044, p>0.05, n=51. 
Oct-99 Tagging: Regression line for INR individuals y=22.75+0.069x, 1^=0.047, p>0.05, n=7; 
IR individuals: y=1.27x-40.4, r2=0.063, p>0.05, n=5. 
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Fig. 3.12 Fate of initially reproductive (Initial R) and initially non-reproductive (Initial NR) individuals of the tagged control group 
between the start (Nov-98) and end (Feb-00) of the experiment. 
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combined irrespective of the initial reproductive status of the 
individuals. 
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Fig. 3.16 Mean (+S.D.) final reproductive output of initially reproductive and 
non-reproductive individuals tagged at different periods. 
Reproductive output measured on surviving individuals collected in 
Feb-00. 
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Table 3.1 Experimental design showing the number of individuals tagged at 
different times under different treatments. 
Treatments Tagging Months  
Nov-98 Feb-99 Apr-99 I Jun-99 Aug-99 O c t ^ 
Tagged 70 ST 
Control 70 DT  
TI 70 S T 7 0 S T 7 0 S T 7 0 S T 7 0 S T 7 0 ST 
70 DT 70 DT 70 DT 70 DT 70 DT 70 DT 
TII 70 S T 7 0 S T 7 0 S T 7 0 S T 7 0 ST  
I 70DT I 70 DT | 70 DT | 70 DT 70 DT 
Treatment I (T I) - all branches of each individual cut, leaving only holdfast. 
Treatment II (T II) - each individual cut at 15cm above holdfast. 
ST : single tagged individuals; DT: double tagged individuals. 
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Table 3.2 Spearman's rank-order correlation between percentage biomass of 
reproductive structures of the control individuals and changes in 
temperature, photoperiod and nutrient levels over time. Significant 
correlations (p < 0.05) are given in bold. 
% Biomass of Reproductive % Biomass of Reproductive 
Structures , ,，uetures Creceptacles) (receptacles and supporting  branches above holdfast) 
Photoperiod r -0.830 -0.610 
P < 0.001 0.016 
N 15 15 
Water r -0.343 -0.084 
Temperature p 0.275 0.795 
N 12 12 
NO2 r 0 . 4 5 5 0 . 2 2 5 
P 0 . 1 3 7 0 .481 
N 12 12 
N O 3 r 0 . 0 0 8 - 0 . 0 0 7 
P 0 .981 0 . 9 8 3 
N 12 12 
PO4 r 0 .191 0 . 2 9 0 
P 0 .551 0 . 3 5 9 
N 12 n  
NH3 r -0.211 -0.420 
P 0.511 0.175 N u 12 
% Biomass of Reproductive % Biomass of Reproductive o. . Structures Structures , , , , (receptacles) (receptacles and supporting  ^ ^ ‘ branches above holdfast) 
Photoperiod r -0.582 -0.287 
(antecedent one month) p 0.029 0.319 
N H U  
Water r 0.074 0.436 
Temperature P 0.829 0.18 
(antecedent one month) N n n 
NO2 r 0.128 0.145 
(antecedent one month) p 0.691 0.654 
N U U  
NO3 r -0.067 0.035 
(antecedent one month) p 0.836 0.914 
N U 12 
PO4 r 0.198 0.29 
(antecedent one month) p 0.537 0.359 
N n n  
NH3 r - 0 . 4 3 7 -0.601 
(antecedent one month) p 0.156 0.039 
N 12 1 12 
/ 
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Table 3.3 Fate of initially reproductive and non-reproductive individuals 
tagged at different times under treatment II that survived till Feb-
00. Control individuals were tagged in Nov-98. (N- number of 
surviving individuals in Feb-00, R-reproductive, NR - non-
renroHiirHve^ 
Feb-00 Feb-00  
N 2nd year R 2"' year NR 
Tagged Control 
Nov-98 
year R 28 20 (71.43%) 8 (28.57%) 
year NR 54 41 (78.85%) 13 (24.07%) 
Treatment II 
Feb-99 
r* year R 39 33 (84.62%) 6 (15.38%) 
r ' year NR 8 5 (62.5%) 3 (37.5%) 
Apr-99 
year R 
V year NR 13 7 (53.85%) 6 (46.16%) 
Jun-99 
year R 
year NR 51 31 (60.78%) 20 (39.22%) 
Aug-99 
year R 
year NR 138 41 (29.71%) 97 (70.29%) 
Oct-99 
r ' year R 28 13 (46.43%) 15 (53.57%) 
year NR 105 10 (9.53%) 95 (90.48%) 
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CHAPTER FOUR 
SUMMARY 
Understanding life history of an organism and how it adapts to the environment by 
evolving different life strategies is important in understanding the dynamics of the 
whole community. Algae are abundant in Hong Kong marine coastal communities. 
They play important ecological roles in providing variability of habitats to many 
other organisms. However, their biology was not very well understood. 
Phenological studies were therefore carried out on one of the most abundant algal 
species in Hong Kong, Sargassum siliquastrum. The seasonality of growth, biomass 
production, reproduction, density and structure of populations of this species in Lung 
Lok Shui, Tung Ping Chau were examined from Sep-98 to Jun-00. Two populations 
at different depths, one at —1 to - 3 m C.D. and the other one at - 5 to -10 m CD., 
were compared. Haphazard and quadrat samplings were employed to assess the 
population ecology of this species. Though both methods showed the general trends 
of different seasonal change, quadrat sampling was better in being able to include 
smaller sized individuals and thus provided a more detailed picture on variation in 
density and structure of the algal population. However, individuals of this species 
were too sparsely distributed in shallow water, so only haphazard sampling was 
effective in sampling this population in shallow water. 
Both deep and shallow water populations attained their mean maximum size, mean 
maximum growth and mean peak biomass in late fall to winter when temperature 
dropped below 20°C. They exhibited minimal growth in spring after gamete release 
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and die back. Warm temperature favored the vegetative growth of the species. 
While the deep water population exhibited steady growth in summer until reaching 
their longest size in winter (January), the shallow water population grew very slowly 
and exhibited a rapid growth only after September when the temperature started to 
drop. The presence of a thermocline in summer kept the water in the deeper region 
at a lower temperature around 25°C but the shallow water region above the 
thermocline was too warm (30°C), thus suppressing the growth of the shallow water 
population. Recruitments started in March or April with an increase in the 
population density and the appearance of numerous smallest size class individuals 
(0.1 - 2 cm). Reproductive period started from August to February for the deep 
water population while reproductive period of the shallow water population lasted 
only two to three months (Jan to Feb-99 and Nov to Jan-00). 
Populations of Sargassum siliquastrum in Tung Ping Chau, Hong Kong exhibited a 
phenological pattern very similar to that of other tropical species with their 
maximum growth and size occurring in winter months. Temperature was probably 
the most important factor affecting the growth and reproduction of these populations. 
Other physico-chemical parameters played a more minor role. However, storms were 
also important. The apparent lower peak of mean length of deep water individuals in 
Jan-00, when compared with that of the previous year, could be due to the impact of 
storms in 1999. This resulted in extensive breakage of individual branches. However, 
storm disturbance appeared not to have affected the shallow water population. 
Shallow water population did not start its rapid growth until after October when the 
series of storms had passed. This may have allowed them to escape the impact of the 
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storms. The timing of physical disturbance is thus as critical as its frequency in 
determining the structure of a population. 
While external environmental parameters may affect the phenological pattern of the 
algal population, changes in growth, survival and reproduction may also be affected 
by some internal factors within the population or within individuals of the population. 
It is believed that resources are limited, an organism cannot grow forever, nor can it 
reproduce forever. Thus it has been argued that reproduction is costly. In the 
extreme case, it may result in the death of the reproducing organism. In order to 
evaluate whether there is a cost of reproduction in Sargassum siliquastrum, resource 
allocation on reproduction was investigated by comparing the ratio of reproductive 
biomass to total biomass (reproductive effort). Both the ratios of receptacle biomass 
/ total biomass and biomass of all annual parts / total biomass were used to evaluate 
reproductive efforts. Individuals of Sargassum siliquastrum were tagged so as to 
follow their growth, survival and their final reproductive fates. Pruning of tagged 
individuals, aimed at reducing them to holdfast (the only perennating part in the plant) 
or to reduce its size to prevent them from becoming reproductive, were carried out. 
The fates of these individuals subject to these treatments were compared with those 
of the tagged control individuals. The initial conditions of all these tagged 
individuals, whether they were reproductive or not, were recorded. Their initial sizes 
prior to treatment were also noted. The cost of reproduction was then evaluated in 
terms of the survival, growth and future reproduction and reproductive output of 
individuals with different initial reproductive status. If there is a cost in reproduction, 
initially reproductive individuals should have a shorter life span, should grow more 
slowly and should have a lower chance of becoming reproductive again as well as 
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should have a lower reproductive output. Those individuals prevented from 
becoming reproductive should exhibit the same fate as the non-reproductive 
individuals. 
Results from this study indicated that individuals of S. siliquastrum allocated a 
maximum percentage of 2.6 ± 1.3 % of the total plant weight to the production of 
receptacles during the peak reproductive month of Jan-00. When all annual parts 
were considered as reproductive structures, then a maximum of 97.6 ± 1.39 % of the 
total biomass was found to be reproductive. The proportion of the biomass of 
vegetative holdfast was very small. The relatively higher proportion of the holdfast 
biomass in spring was partly due to the low amount of annual branches left after die 
back. Some real differences in the absolute biomass of the holdfast were found，with 
those in March being the heaviest. Holdfasts were likely to be serving as a depot for 
storage energy needed for plant regeneration during spring. However, during late 
fall to winter when the individuals were becoming larger and starting to reproduce, 
the holdfast biomass remained small. Individuals subject to Treatment I (leaving 
only holdfast intact) at a later time of the year suffered high mortality, suggesting 
that holdfast may not be able to support itself alone in most times of the year. This 
casts doubts on whether the holdfast alone should be considered as the vegetative 
part in Sargassum. The distinction on which part of the plant should be considered as 
reproductive structure and which should be considered as vegetative remained 
obscure. 
The results of this study indicated that there is a minimum size requirement for 
reproduction. The reproductive individuals were generally larger than the non-
Chapter 4 Summary p.ll22 
reproductive ones and no individuals below 35 - 40 cm became reproductive. There 
was also no significant difference in the RE of the largest and the smallest 
individuals, suggesting that smaller plants, which were presumably younger with no 
reproductive history, did not invest more resources than the larger plants to 
reproduction by increasing the proportion allocated to receptacle biomass. This 
suggests that not only there is a minimum size needed for reproduction, there is also 
a minimum unit of non-receptacular biomass needed in order to produce the 
receptacle biomass. However, once the individuals attain this minimum size to 
reproduce, their resource allocation becomes independent of size. 
Some large individuals remained non-reproductive. The reason for this was not clear. 
However, some argument may be raised as to whether these individuals would obtain 
any advantage for being non-reproductive? This was the same question raised on 
whether there is the presence of a cost of reproduction. 
Results from this study did not provide evidence to support the existence of a cost of 
reproduction on the survival of S. siliquastrum. Reproductive individuals did not 
differ from the non-reproductive individuals in their mortality rate. In some cases, 
reproductive individuals even survived better. The reason that survival cost could 
not be detected may be related to the modular construction of the plant such that cost 
of reproduction exhibited by way of mortality may be exerted on the module, say a 
branch, rather than on the whole individual. 
The effect of reproduction on growth was indirectly assessed by relating the initial 
with the final sizes of the control and treatment individuals based on their initial 
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reproductive status. Only initially reproductive individuals of tagged control and 
those tagged in Feb-99 showed a significant correlation between their initial and 
final lengths. This means that the smaller reproductive plants in the present year 
would tend to remain as small plants while the larger reproductive plants would tend 
to grow as large plants in the following year. It is possible that the larger plants are 
able to cope with both physiological demands for growth and reproduction much 
better than the smaller plants. They could allocate resources for both simply because 
of their large size. Such was not possible for smaller plants. Thus, larger plants 
could grow better than smaller plants even if they are reproductive. No direct cost of 
reproduction on growth was observed in this study. 
The cost of present reproduction on future reproduction was assessed by testing the 
actual fate of control and treatment individuals against the expected fate if 
reproduction has no cost. Significant difference was found between the observed and 
the expected, indicating that present reproduction did affect their future reproduction. 
However, there were no significant differences between the fates of the 1st year 
reproductive and non-reproductive individuals, suggesting that future reproduction 
may be affected by some other external factors than its own reproductive history. 
The fecundity cost was evaluated by comparing the reproductive output of initially 
reproductive and non-reproductive individuals in the tagged control group and 
treatment groups tagged in Feb-99 and Oct-99. Results showed that there was no 
significant difference in the final RE between the reproductive and non-reproductive 
individuals in the control group. Among individuals tagged in Feb-99, the RE of 
initially reproductive individuals was found to be even higher than that of the non-
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reproductive individuals. This suggests that the future reproductive output is 
independent of the present reproductive history of the individuals. 
The results of this study did not support the presence of a cost of reproduction in 
Sargassum siliquastrum in terms of survival, future growth and reproduction. 
Further studies may be needed to further evaluate this cost of reproduction at the 
modular level in order to confirm the importance of this modular construction in 
absorbing the cost of reproduction. It is of course possible that because all parts of 
algae are photosynthetic, reproduction may not entail a cost does occur a in higher 
plants. External environmental factors may also exert a greater influence in 
controlling algal phenology than any cost that may be brought about by reproduction. 
Algae are very old and successful organisms in the biosphere. Their ability to 
reproduce without a cost may be one of the secrets of their success and strategies for 
their survival. 
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